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EXECUTIVE SUMMARY

Environmental investigations conducted at Installation Restoration Program (IRP) Site 13 Cluster (13C)
indicate that previous missile launch activities at the Advanced Ballistic Re-Entry Systems-A (ABRES-
A) Launch Complex, Vandenberg Air Force Base (AFB) have impacted groundwater quality at the site,
Site 13C comprises Sites 13, 14, and 28, which are located adjacent to one another in the Burton Mesa
physiographic region in the northern part of Vandenberg AFB.  Due to their proximity, shared
environmental characteristics, linked operational histories, and contaminant migration pathways, the sites
are clustered and will be referred to in this document as Site 13C. Site 13C includes the ABRES-A
Launch Complex, a portion of ABRES-A Canyon to the south and west of the launch complex, ABRES-
A Lake, and Missile Silo 395-B

Previous investigations at Site 13C document the presence of volatile organic compounds (VOCs) in
groundwater at concentrations in excess of California drinking water standards The groundwater has
been contaminated with trichloroethene (TCE), which, through natural attenuation, has been reduced to
dichloroethene (DCE) and vinyl chloride as it migrates along the paleochannel. Computer modeling has
indicated that if left untreated, the groundwater plume would increase in size and migrate beyond the
monitoting network. Due to requirements of the State Water Resources Conirol Board, groundwater at
the site has a designated future beneficial use as diinking water. This engineering evaluation/cost analysis
(EE/CA) evaluates and compares alternatives for an IRA to control plume migration and reduce VOC
concentrations in the paleochannel at Site 13C such that concentiations at the downgradient sentry wells
(14-MW-5 and 14-MW-8) do not exceed Applicable or Relevant and Appropriate Requirements. The
final remedy for the source area(s) at Site 13C will be addressed in the Feasibility Study for this Site

The EE/CA is part of a non-time-critical removal action under the Comprehensive Environmental
Response, Compensation and Liability Act and is being conducted in accordance with the National Qil
and Hazardous Substance Pollution Contingency Plan (NCP) subpart (E): Hazardous Substance
Response.

Initially, five alternatives were identified and considered: (1) No Action, (2) Monitorted Natural
Altenuation, (3) In-Situ Bioremediation, (4) /n-Situ Chemical Oxidation, and (5) Ex-Situ Groundwater
Treatment From this initial screening, in-situ biological remediation ranked the highest Five different
process variations relying on strategies to enhance anaerobic and/or aerobic biodegradation using in-situ
methods underwent a more detailed screening  These process variables included:

. Hydrogen Release Compound, Extended Release Formula (HRC-X) injection at both the
Watt Road and the downgradient paleochannel area;

. HRC-X injection at the Watt Road area with Oxygen Release Compound (ORC) injection
at the downgradient paleochanne] area;

. Hydrogen gas diffusion at the Watt Road area with oxygen diffusion at the downgiadient
paleochannel area using in-situ submeiged oxygen curtain (iSOC) hollow-fiber

membrane units;

. Soybean oil injection at both the Watt Road and the downgradient paleochannel areas;
and
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. Soybean oil injection at Watt Road with oxygen diffusion at the downgradient
paleochannel using iISOC.

The comparative analysis of remedial alteinatives presented in this EE/CA is based on the nine NCP
comparative criteria Based on these analyses, the Air Force recommends injection of soybean oil into a
series of injection wells oriented perpendicular to the groundwater plume at the Watt Road area and
oxygen diffusion via iSOC units placed into a well array at the downgradient paleochannel area The
dual-technology soybean oil injection and oxygen diffusion alternative provides one the lowest present-
value costs of the active alternatives, is well suited to the aquifer conditions at each treatment location,
and best meets the removal action objectives and the NCP evaluation criteria
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1.0 INTRODUCTION

Environmental investigations conducted at Installation Restoration Program (IRP) Site 13 Cluster (13C)
indicate that previous missile launch activities at the Advanced Ballistic Re-Entry Systems-A (ABRES-
A) Launch Complex, Vandenberg Air Force Base (AFB), have impacted groundwater quality at the site.
Site 13C comprises Sites 13, 14, and 28, which are located adjacent to one another in the Burton Mesa
physiographic region in the notthern part of Vandenberg AFB (Figures 1-1 and 1-2). Site 13 includes the
ABRES-A Launch Complex, and a portion of ABRES-A Canyon to the south and west of the launch
complex The site is bordered on the west by Sites 14 (ABRES-A Lake and paleochannel) and 28
(Missile Silo 395-B). Due to their proximity, shared environmental characteristics, linked operational
histories, and contaminant migration pathways, the three sites are clustered and will be referred to in this
document as Site 13C.

Previous investigations at Site 13C indicated that volatile organic compounds (VOCs) are present in
groundwater at concentiations in excess of California diinking water standards. The groundwater has
been contaminated with trichlorcethene (TCE), which, through natural attenuaiion, has been reduced to
dichloroethene (DCE) and vinyl chloside as it migrates along the paleochannel. Computer modeling has
indicated that if Ieft untreated, the groundwater plume would increase in size and migrate beyond the
monitoring network (Tetra Tech, Inc. [Tetra Tech] 2004a) This engineering evaluation/cost analysis
(EE/CA) evaluates and compares alternatives for an interim removal action (IRA) to control plume
migration and reduce VOC concentrations in the paleochannel at Site 13C such that concentrations at the
downgradient sentry wells (14-MW-5 and 14-MW-8) do not exceed Applicable or Relevant and
Appropriate Requirements (ARARs)  The final remedy for the source area(s) at Site 13C will be
addressed during the Feasibility Study (FS)

The EE/CA is part of a non-time-critical removal action under the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) and is being conducted in accordance with the
National Oil and Hazardous Substance Pollution Contingency Plan (NCP) subpart (E): Hazardous
Substance Response. The comparative analysis of remedial alternatives presented in this EE/CA. is based
on technical feasibility, reasonable cost, institutional considerations, time constraints, and human health
and environmental impacts

1.1 PURPOSE AND OBJECTIVES OF THE EE/CA

The putpose of an EE/CA is to identify objectives of a non-time critical removal action, and evaluate and
select a feasible technology for the removal action (U S Environmental Protection Agency [U.S. EPA]
1993} Specific objectives of the EE/CA are to:

J Demonstrate that regulatory requirements for non—time-critical removal actions are met;
. Provide a methodology for evaluating and selecting alternative technologies;
. Provide information on remedial technologies, including a cost analysis and completion

schedule; and

. Provide documentation of the decision-making process for removal actions for inclusion
in the administrative record.
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2.0 SITE CHARACTERIZATION
2.1 SITE DESCRIPTION
Site 13

The ABRES-A Launch Complex at Site 13 consists of a control center and three launch pads (Buildings
1788, 1790, and 1797), as shown on Figure [-2 A single 15,000-gallon Rocket Propellant-1 (RP-1) fuel
underground storage tank (UST) was installed at each launch pad. The RP-1 USIs were previously
removed from Pads 1 and 2; the UST at Pad 3 was abandoned in place Chlorinated solvents, primarily
TICE, were used on-site for degreasing missile engines and for cleaning parts. A TCE storage tank was
located within the launch service buiiding at cach pad.

Launch operation deluge channels extend from each of the thiee launch pads toward ABRES-A Canyon.
Before the use of solvents at Vandenberg AFB was regulated, TCE and possibly other solvents were
released to the deluge water channels, which may have caused releases to other areas on-site. Deluge
Channel A originates at Pad 1. The first section of Channel A is 50 feet wide by 450 feet long and lined
with concrete. The second section of Channel A is 50 feet long and consists of concrete riptap. A 700-
foot-long, unlined (earthen) channel leads from the riprap to a natwial tributary of ABRES-A Canyon.
Deluge Channel B originates at Pad 2. The first scction of Channel B is 50 feet wide by 120 feet long,
very steeply inclined, and lined with concrete. The second section of Channel B is in ABRES-A Canyon,
is 50 feet long, and consists of concrete riptap Deluge Channel C originates at Pad 3, is 50 feet wide by
250 feet long, is lined with conciete, and ends with 50 feet of conctete riprap. The remaining 700 feet of
Channel C are unlined and dischaige into a small earthen rctention basin at the edge of ABRES-A
Canyon (Figare 1-2).

Site 14

Site 14 includes ABRES-A Lake, the western portion of ABRES-A Canyon and surrounding bluffs, the
discharge point of an earthen drainage channel from Site 28 (Missile Silo 395-B), and the neutralization
lagoon located on the north bluff of the canyon (Figure 1-2). The lake was the receptor of surface water
drainage and pievious waste discharge from Sites 13 and 28§

Site 28

Site 28 comprises Missile Silo 395-B (Building 1799) and is located at the west end of Watt Road (Figure
1-2). Formerly a Iitan II missile launch facility, the site has been unoccupied since the early 1970s The
Titan II missile used the hypergolic fuels Aerozine-50 and nitrogen tetroxide. When Missile Silo 395-B
was operational, 16 Titan missiles were launched  The upper and lower concrete-lined hardstands for
loading Aerozine-50 and nitrogen tetroxide are adjacent to the silo  Two Aerozine-50 hardstands are on
the eastern side of the silo and two nitrogen tetroxide hardstands are on the notthwest side of the silo.
According to Vandenberg AFB engineering drawings, each recessed, concrete-lined lower hardstand is
approximately 20 feet wide by 150 feet long, with a central rectangular depiession. A 60,000-gallon
Aerozine-50 UST used for fuel downloading operations was located next to the lower Aerozine-50
hardstand but has been removed Since the UST removal, up to 2 feet of soil/sediment has accumulated
on the Aerozine-50 lower hardstand. Most of the accumnulated soil/sediment is likely left from excavation
activities during the tank removal Since site abandonment, both lower hardstands seasonally accumulate
rainwater.
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A lined retention basin and an unlined oxidation basin are found on the southern portion of the site.
During lannch operations, an unlined drainage channel discharged runoff south of the site into ABRES-A
Canyon This diainage channel is no longer maintained and currently does not discharge site runoff into
ABRES-A Canyon

211 Geology

The ABRES-A Canyon comprises a channel in Miocene Monterey Formation bedrock that is partially
filled with recent alluvial deposits and dune sand. At the western end, ABRES-A Canyon terminates at
the leading edge of eastward migrating recent and active dune sands. The dune sands form the natural
dam that created ABRES-A Lake. Typically, this dune sand consists of fine-grained, well-sorted sand
and silty sand with high permeability. The shale bedrock beneath the recent alluvial deposits is locally
weathered and appears to impede groundwater migration and transport of aqueous contaminants through
bedrock (Tetra Tech 2004a)

In October 1999, a seismic reflection geophysical survey was conducted in the dune area downgradient
and west of ABRES-A Lake to map the Monterey Shale/dune sand contact and trace the orientation of the
buried paleochannel extension of ABRES-A Canyon Based on drilling, geological mapping, and the
seismic swmvey, the paleochannel is shown in plan view on Figure 2-1 and in cross-section along its
longitudinal axis on Figure 2-2. Soil thickness along the axis of the paleochannel ranges from
approximately 110 to 150 feet

212 Hydrology

Site 13 Cluster is located on the drainage divide of two major groundwater basins: the Santa Ynez River
Basin to the south and the San Antonio Creek Basin to the notth. There are no potable water wells within
five miles of the site. The nearest potable water wells (designated San Antonio Wells No. 4, 3, 6, and 7A)
arc located approximately 7.5 miles east and upgradient of the site in Barka Slough of San Antonio Creek.
There is no significant groundwater (i.e., aquifer) below the portion of the site cluster that resides on
Burton Mesa, namely the mesa portion of Sites 13 and 28  Perennial surface water at the Site 13 Cluster
is limited to ABRES-A Lake. ABRES-A Lake has a drainage area of approximately 1,375 acres, which
extends as far cast as the main cantonment area. The deepest part of the lake has been observed to range
from a minimum of § feet during diy periods to over 45 feet afier heavy winter rains. Hydrological
investigations performed dwing the Remedial Tnvestigation (RI) indicate there is a hydraulic connection
between the lake and the subsurface canyon groundwater aquifer, and, as a result, a significant portion of
the surface watet in ABRES-A Lake is fed by groundwater (Tetra Tech 2004a)

The paleochannel, located downgradient of ABRES-A Lake, conveys groundwater fiom the lake in a
northwest direction with an average hydraulic gradient of 0.001 feet per foot. A groundwater contour map
(Figure 2-3) shows the apparent direction of groundwater flow. Because the paleochannel would
potentially provide a migration pathway for contaminants in groundwater, monitoring wells were placed
along its axis. Monitoring wells 13-MW-1, 13-MW-2, 13-MW-3, 13-MW-6, 13-MW-7, 14-MW-1, and
14-MW-2 have been periodically submerged by the lake after times of significant rainfall

Top of groundwater was encountered in ABRES-A Canyon and the paleochannel downgradient of
ABRES-A Lake at depths ranging from the ground surface (including ABRES-A Lake) to approximately
84 feet below ground surface (bgs). The saturated thickness of the aquifer in ABRES-A Canyon, located
upgradient of and beneath ABRES-A Lake, ranges from approximately 0 feet near the edge of the canyon
wall to approximately 73 feet on the western side of the lake near monitoring well 14-MW-2
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Downgradient of ABRES-A Lake along the paleochannel axis, the saturated zone 1anges from
approximately 40 to 87 feet in thickness.

During the RI, slug tests were performed on ABRES-A Canyon monitoring wells to measure aquifer
hydraulic conductivity (K) and transmissivity near the wells. Results indicated K values ranging from 1.7
teet per day (feet/day) upgradient of the lake to 49 6 feet/day downgradient from the lake.

213 Biotic Setting

Sites 13, 14, and 28 are considered as a group for the baseline Ecological Risk Assessment (ERA)
because they are adjacent, have similar hydrogeologic features, and support similar habitats (Tetra Tech
2004a) A 10-foot cyclone security fence separates and swrounds Sites 13 and 28 Both Site 28 and the
bluff areas at Site 13 are situated in coastal sage scrub habitat, while ABRES-A Canyon consists of
riparian and freshwater emergent/aquatic habitats. Small vernal pools are located in the neutralization
lagoon at Site 14 and in the nitrogen tetroxide and lower Aerozine-50 hardstands at Site 28.

Coastal sage sctub vegetation is dominated by drought-resistant, deciduous, and shallow-rooted shrubs,
normally less than 3 feet tall, with a herbaceous undeilayer of annual forbs and grasses (Mayer and
Laudenslayer 1988; The Nature Conservancy 1991). Coastal sage scrub is a characteristic feature of drier
sites and is typical of areas with an average armual rainfall of less than 12 inches The coastal sage scrub
vegetation is a relatively stable vegetation type that can re-establish itself after disturbances such as fires
(Mayer and Laudenslayer 1988) The dominant plants include coastal sagebrush, coyote brush, coast
goldenbush, and cass {Coulombe and Cooper 1976; Schmalzer et al 1988). Five special-status plants
occur in the coastal sage scrub community on Vandenberg AFB. The beach layia (Layia carnosa) is a
federal and California endangered plant species expected in coastal sage scrub habitat at Vandenberg
AFB. Black-flowered figwort (Scrophularia atrata), crisp monardella (Monardella crispa), San Luis
Obispo monardella (Monardella fiutescens), and aphanisma (Aphanisma blitoides) are among the federal
plant species of concern expected in coastal sage sctub habitat at Vandenberg AFB. These five special-
status plants and the Moiro Bay blue butterfly (Icaricia icarioides moroensis), a federal candidate species,
arc found only in coastal sage scrub habitat on Vandenberg AFB, and could be found in coastal sage scrub
habitat at the site cluster. Bush hipine (Lupinus sp.) is an ecologically important plant species in that it is the
host plant for the candidate Motro Bay blue butterfly. Typical coastal scrub animals likely to visit
ABRES-A Lake include birds and large mammals.

Riparian habitat is dominated by plant species such as willows and cottonwoods, which require abundant
soil moisture. Riparian habitat is found along stteams and other moist areas where water is available most
of the year  The riparian habitat is characterized by considerable structural heterogeneity including a tree
canopy, a dense shrub understory, and a herbaceous plant layer. Because of their structural complexity,
tiparian habitats typically support a diverse animal assemblage. Species from the riparian habitat in
ABRES-A Canyon are likely to fiequent the adjacent ABRES-A Lake

Freshwater emergent/aquatic habitats at Vandenberg AFB are generally shallow and fringed with wetland
plants, such as sedges and bulrushes, ABRES-A Lake is not connected by surface water to any other
water body and fish have not been observed during surface water and sediment sampling and biological
reconnaissance visits, ABRES-A Lake is not expected to support a fish population, particulaily as water
levels have declined steadily in recent years. However, it is likely to support aquatic insects and
amphibians. The fringes of the lake are dominated by freshwater marsh vegetation Waterfowl (e g.,
mallards, coots), 1ails, and herons are likely to use this habitat for feeding and nesting activities. No
formal protocol surveys of the California red-legged frog have been conducted at Site 13C. However,
California red-legged frogs (both adult and tadpole) have been noted in two of three areas of standing
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water and sediment recently discovered by Vandenberg AFB personnel. Tetra Tech has proposed to
characterize concentiations of site contaminants of potential concern in swiface water and sediment in
each of these standing water areas (Tetra Tech 2004b). The results will be used to evaluate the potential
impacts to the California red-legged frogs and to define the source of these bodies of standing water.
Once the source and nature of these standing bodies of water have been ascertained, a determination of
whether this aquatic habitat is suitable for the California red-legged frog will be made.

As a result of the juxtaposition of these three primary habitats within this site cluster, numerous plant and
animal species are likely to be present. Many of these species may use more than one habitat, while a few
may be limited to only a particular habitat type. Five special-status plants and the Moo Bay blue
butterfly may potentially be found only in the coastal sage scrub habitat in this site cluster In addition,
several widely distributed special-status animals, including the federally threatened and state endangered
bald eagle, the state endangered peregrine falcon, and three California species of special concern (yellow
warbler, merlin, and Townsend’s western big-eared bat), may be found within this site cluster The
westein snowy plover (Charadrius alexandrinus) is a federally thieatened species and a California
Species of Special Concern that is known to nest in the dune coastal habitat approximately 1,000 feet
downgradient of Site 14 During the nesting season from 1 March to 30 September, coastal access is
1estricted (Tetra Tech 2004a).

2.2 BACKGROUND
221 Previous Investigations

Reynolds, Smith and Hill, Inc (Reynolds), Battelle Corporation (Battelle), and Science Applications
International Corporation (SAIC) performed environmental investigations at the site clustet and identified
potential contaminant release sites and potential contaminants of concern. SAIC drilled, installed, and
sampled monitoring wells 13-MW-1 and 14-MW-1. During the SAIC investigation, TCE was detected at
a concentration of 1,200 micrograms per liter (ng/L) in the groundwater sample from well 13-MW-1, and
no VOCs were detected in well 14-MW-1. In 1993 Jacobs Engineering Group (JEG) prepared a Phase I
RI Work Plan for the sites. Lhe conceptual site model (CSM) presented in the wotk plan attributed the
primary source of contaminant release to the large volume of deluge water released during launches from
Site 13, dischaige and drainage from Site 28, and discharge from the neutralization lagoon located on the
bluff north of ABRES-A Lake Potential site contaminants identified in discharged waters included
metals, solvents, neutralized fuels, and potential leakage from fuel storage tanks and abandoned drums.
Possible migration pathways were identified as afr, surface water, and groundwater. For more
information regarding these site investigations, please refer to the Draft RI Report for Site 13C (Tetra
Tech 2004a). Results for ciganic compounds detected in site groundwater from the Tetra Tech RI and the
ongoing Basewide Groundwater Monitoring Program (BGMP) are summatized on Table 2-1

Tetra Tech reviewed the RI work plan prepared by JEG and performed Phase I and Phase IT of the RI at
Site 13C.  During the Phase I of the RI, four monitoring wells (13-MW-2 through 13-MW-5) were
installed at Site 13 and one monitoring well (14-MW-2) was installed at Site 14. Monitoring wells
13-MW-4 and 13-MW-5, located on Burton Mesa above ABRES-A Canyon, remained dry during the RT
and therefore could not be sampled. During the Phase II of the RI, three monitoring wells (13-MW-6
through 13-MW-8) were installed at Site 13 and five monitoring wells (14-MW-3 through 14-MW-8)
were installed at Site 14. Wells 14-MW-9 and 14-MW-10 were installed in fall 2003 to support the
groundwater treatability study as described in Section 2 2.4
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Iable 2-1
Site 13 Cluster Groundwater Contarninant Summazy

Contaminant Number of Range of Detection Location of  Number of Samples
of Concern Samples (ng/1) Maximum Exceeding MCLs
TCE 160 ND, 1,300 F3-MW-1 19
c¢is-1,2-DCE 160 ND, 1,580 13-MW-1 64
trans-1,2-DCE 160 ND, 21 14-MW-3 9
1,1-DCE 160 ND, 6.71 13-MW-1 1

Vinyl chloride 160 ND, 51.9 13-MW-1 46

Notes:  Data from 1994 through summer 2003
ng/L - micrograms per liter
ND - Non detectable concentration
MCIL~ California Maximum Contaminant Level

The results of 15 rounds of gioundwater sampling and analysis from the groundwater monitoring wells
located in ABRES-A Canyon and the paleochannel are presented below Samples were collected during
winter 1994; fall 1997; spring and summer 2000; winter, spring, summer, and fall 2001; winter, spring,
summer and fall 2002; and wintet, spring, and summer 2003, Quartetly groundwater monitoring is
contimuing at the Site 13 Cluster under the BGMP.

No total peiroleum hydrocarbons or semivolatile organic compounds have been detected in samples from
Site 13 Cluster monitoring wells. A hydrazine concentration of 22 pg/l. was detected in one Phase I
groundwater sample from monitoring well 14-MW-1 but was not detected in subsequent groundwater
sampling events. Metals detected in groundwater are not part of the scope of the groundwater IRA, as
this work plan addresses chlotinated solvents detected in groundwater downgradient ot ABRES-A Lake.
Results for VOCs are presented in greater detail below.

222 VYOCs in Conventional Groundwater Samples

Acetone, Dbenzene, bromoform, 2-butanone, carbon disulfide, chlorobenzene, chloroform,
dibromochloromethane, 1,1-DCE, c¢is-1,2-DCE, trans-1,2-DCE, methylene chloride, TCE, toluene, and
vinyl chloride were detected in conventional groundwater samples (i.e , samples collected from a propetly
installed, developed, and purged monitoring well} fiom wells located in ABRES-A Canyon and the
paleochannel downgradient of ABRES-A Lake Of these compounds, the only frequently detected VOCs
were TCE and its associated degradation by-products ¢is-1,2-DCE, frans-1,2-DCE, 1,1-DCE, and vinyl
chloride; these are addressed individually below. Historical groundwater results for these key VOCs are
shown on Figure 2-4

During the Phase 1 investigation, ICE was detected at concentrations of 695 and 548 pg/L m
groundwater samples from wells 13-MW-1 and 13-MW-2, respectively. Well 13-MW-1 is located near
the bottom of deluge Channel A and well 13-MW-2 is located near the bottom of deluge Channel B in
ABRES-A Canyon. Since the Phase I investigation, TCE has been detected in groundwater from wells
13-MW-1, 13-MW-2, 13-MW-3, 13-MW-6, 13-MW-7, and 14-MW-7  Monitoring wells 13-MW-1 and
13-MW-7 are located next to ¢ach other in ABRES-A Canyon near the bottom of ABRES-A Launch
Complex Deluge Channel A. The highest TCE concentration detected at the site {1,300 pg/L) was in
summer 2002 from well 13-MW-1, screened from the top to the middle of the shallow saturated zone
Concentrations of TCE as high as 1,000 pg/L have been detected in samples from well 13-MW-7,
screened near the bottom of the saturated zone.
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The compound cis-1,2-DCE has been detected in samples from wells 13-MW-1, 13-MW-2, 13-MW-6,
13-MW-7, 14-MW-1, 14-MW-2, 14-MW-3, 14-MW-4, 14MW-6, and 14-MW-7 at concentrations
ranging from 0.36 ng/L to 1,580 pug/L  The highest ¢is-1,2-DCE concentration was detected in the spring
2003 sample from well 13-MW-1, located near the bottom of ABRES-A TLaunch Complex Deluge
Channel A and near the southeastern edge of ABRES-A Lake Concentiations of cis-1,2-DCE greater
than 250 pg/L. have been detected in groundwater samples from wells 13-MW-1, 13-MW-7, 14-MW-2,
and 14-MW-3, located in the western portion of ABRES-A Canyon

The compound trans-1,2-DCE has been detected in samples from wells 13-MW-1, 13-MW-2, 13-MW-7,
14-MW-1, 14-MW-2, 14-MW-3, 14-MW-4, 14-MW-6, and 14-MW-7 at concentrations ranging from
0.15 to 21 ug/L The highest #rans-1,2-DCE concentrations have historically been detected in
grourkdwater samples from well 14-MW-3,

The compound 1,1-DCE has been detected in samples from wells 13-MW-1, 13-MW-7, 14-MW-2, and
14-MW-3 at concentrations ranging from 048 ng/l. to 6 71 ug/L. The highest concentrations were
detected in the spring 2003 sample from well 13-MW-1, located near the bottom of ABRES-A Launch
Complex Deluge Channel A and near the southeastern edge of ABRES-A Lake

Vinyl chloride is a common product of DCE degradation and has been detected in groundwater samples
from wells 13-MW-1, 13-MW-7, 14-MW-1, 14-MW-2, 14-MW-3, 14-MW-4, and 14-MW-7 at
concentrations ranging from 029 to 51 9 ng/l.  The highest vinyl chloride conceniration was detected in
the spring 2003 sample from well 13-MW-1. Since the Phase I investigation, the highest average vinyl
chloride concentrations in conventional groundwater samples have historically been detected in samples
from well 14-MW-3, and have ranged from 1! to 38 3 ug/L (Tetra Tech 2003b).

223 Discrete-Depth Groundwater Sample Results

Analytical results from discrete-depth groundwater samples ate regarded as screening level data only, and
have not been used to estimate exposures in the risk assessments. However the VOC data obtained fiom
the discrete depth samples are relevant to characterizing the chlorinated solvent plume at the Site 13
Cluster.

Discrete-depth groundwater samples were collected from the open boreholes for wells 13-MW-6,
13-MW-7, 14-B-3, 14-MW-3, and 14-MW-7 and at the sentry well, 14-MW-8 The only frequently
detected VOCs were chlorinated solvents such as TCE and its associated degradation by-products DCE
and vinyl chloride. A summary of VOCs detected in discrete~-depth groundwater samples is provided in
Table 2-2.

The compound ¢is-1,2-DCE was detected at locations 13-MW-6, 13-MW-7, 14-B-3, and 14-MW-3 at
concentrations ranging from 14 to 220 pg/l.. The highest ¢is-1,2-DCE concentration was detected near
the bottom of the saturated zone from well 13-MW-7

Concentrations of 1,1-DCE ranging from 0.65 to 1 4 ug/L were detected in discrete-depth groundwater
samples collected from the top and middle of the saturated zone at the borchole for well 13-MW-7 but
were not detected in other discrete-depth groundwater samples.

The compound trans-1,2-DCE was detected at locations 13-MW-6, 13-MW-7, 14-MW-3, 14-B-3 at
concentrations ranging from 03 pg/L to 27 pg/l.. The highest frans-1,2-DCE concentrations were
detected near the bottom of the saturated zone at well 13-MW-7, located on the east side of the lake, and
at the top of the saturated zone from boring 14-B-3, located downgradient of the lake.

<Sec (02 doe> 2-6 Dratt Final Site 13 Cluster EE/CA



ICE was detected at locations 13-MW-6, 13-MW-7, and boting 14-B-3 at concenirations ranging from
019 pg/L. near the top of the saturated zone at boring 14-B-3 to 1,200 ng/l. near the bottom of the
saturated zone at well 13-MW-7.

Vinyl chlotide was detected at a concentration of 7 pug/L in one disciete depth groundwater sample
collected fiom the top of the saturated zone fiom 14-MW-3 (Tetra Tech 2003b)

In summary, the extent of chlorinated solvents detected in groundwater at the site cluster has been
assessed and extends as far upgradient as 13-MW-3 and as far downgradient as 14-MW-6 and 14-MW-7,
which ate approximately 150 feet west of the Southern Pacific Railroad and 1,200 feet northwest of Watt
Road, respectively (Figure 2-3)

224 Treatability Stady

Tetra Tech completed a treatability study, which was initiated in fall 2003. The objective of this study
was to provide sufficient data to allow treatment alternatives to be fully developed and evaluated during
the detailed analyses, to support the remedial design of a selected alternative, and reduce the cost and
performance uncertainties for treatment alternatives to acceptable levels so that a final remedy can be
selected. The ireatability study was conducted to assess the ability of Hydrogen Release Compound,
Extended Release Formula (HRC-X) and Primer (a lactic acid product) to enhance already semi-
anaerobic conditions within a portion of the aquifer at Watt Road, and anaerobically degrade 1,1-DCE,
trans 1,2-DCE, c¢is-1,2-DCE, and viny!l chloride from groundwater near wells 14-MW-3, 14-MW-9, and
14-MW-10. The area selected for the treatability study is characterized by naturally moderately reducing
conditions and contains DCE isomers and viny] chloride at concentrations ranging from tens to hundreds
of micrograms per liter. The Groundwater Treatability Study Report is presented in Appendix A.

On 11 through 12 November 2003, HRC-X and Primer was injected into six injection wells (wells 14-
INJ-1 through 14-INJ-6) positioned upgradient from monitoring wells 14-MW-3, 14-MW-9, and
14-MW-10 in the paleochannel at Site 13C (Figure 2-5). Upgradient well 14-MW-2, located near the
western edge of ABRES-A Lake, was also monitored to support the treatability study. Inferred
groundwater flow direction to the northwest was verified during March 2004 with a lake level
measurement.

Results for the first 9 months of monitoring indicate that subsurface aquifer conditions have been
appropriately changed to strongly reducing in deep aquifer wells, with a resultant decline in targeted
constituent concentrations (primarily ¢is-1,2-DCE) through complete degradation to ethane and ethane
(the end products of sequential dechlorination of the parent compound DCE), without a buildup of the
intermediate daughter product, vinyl chloride, above historically measured levels. Detectable metabolic
acids in monitoring wells indicate breakdown of HRC-X and Primer in the treatment zone. This process
provides the hydrogen ions necessary for microbes to degrade chlorinated solvents present in the zone of
influence In addition, various water quality parameters (i.e., dissolved oxygen, oxidation-reduction
potential, sulfide, etc ) support an interpretation of enhanced reductive dechlorination conditions. The
injection zone and associated wells will continue to be monitored quarterly during the BGMP. Results
from BGMP sampling between fall 1997 and summer 2003 are provided in Table 2-3.

2.2.5 Previous Remedial Actions

No previous remedial actions have been petformed at Site 13C
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2.2.6 Source and Extent of Contamination

The primary sources of existing solvent contamination in groundwater at Site 13 Cluster are believed to
be associated with the former ABRES-A launch activities. Deluge water potentially contaminated with
ICE and possibly other solvents was discharged down the deluge channels directly into ABRES-A
Canyon and ABRES-A Lake Chlorinated solvents have been consistently detected in groundwater as far
upgradient as monitoring well 13-MW-2 and as far downgradient as paired wells 14-MW-6 and
14-MW-7. Groundwater monitoring results over the course of the RI indicate that TCE is completely
degraded to DCE and vinyl chloride as groundwater moves beneath ABRES-A Lake and enters the
paleochannel near wells 14-MW-1 and 14MW-2. Monitored Natural Attenuation (MNA) parameters
support an interpretation of reductive dechlorination in the vicinity of wells 14-MW-1 through 14-MW-3.
Elevated concentrations of ¢is-1,2-DCE exceeding the Californja Maximum Contaminant Ievel (MCL) of
& pg/L have been detected in groundwater that flows under ABRES-A Lake into the buried paleochannel
downgradient of ABRES-A Lake. Although natutal attenuation processes appear to be sufficient to
reduce ICE to concentrations below detectable levels at the west margin of ABRES-A Lake, natural
attenuation processes in the dune sand aquifer downgradient of the lake do not appear to be sufficient to
naturally reduce DCE and vinyl chloride levels below their respective MCLs (Tetra Tech 2004a).

Based on the available data, the groundwater plume is approximately 3,500 feet in length, extending from
monitoring well 13-MW-2 to paired wells 14-MW-6 and 14-MW-7 The groundwater aguifer at the Site
13C oceurs in a narrow paleochannel and the plume is assumed to extend across its entire width, which
averages about 150 feet. '

Currently, ¢is-1,2-DCE concentrations in the source area and in the paleochannel are in the hundreds of
micrograms per liter and decrease by an order of magnitude to non-detect at wells downgradient of
14-MW-4. Vinyl chioride was detected neat the source area at concentrations up to 51.9 g/l and the
highest average vinyl chloride concentrations (up to 49.3 pg/L) have been detected in the transition zone
between ABRES-A Lake and the paleochannel at wells 14-MW-2 and 14-MW-3. Concentrations of both
cis-1,2-DCE and vinyl chloride remain highest along the bottom of the paleochannel although lower
concentrations are still detected along the top of the saturated unit as far downgradient as monitoring well
14-MW-4 (Figure 2-4)

No dense nom-aqueous phase liquids (DNAPLs) have been encountered during any of the field
investigations at the site cluster. Measured concentrations in soil and groundwater in the canyon are
below levels that suggest the presence of TCE ot cis-1,2-DCE as DNAPLs. Therefore, there is no
indication that DNAPLs currently exist at the Site 13 Cluster (Tetra Tech 2003h)

2.3 FATE AND TRANSPORT MODELING

Ihe objective of the groundwater modeling is to provide predicted contaminant concentrations at the limit
of the site groundwater monitoting network (eg., sentry well 14-MW-5)  The modeling also
quantitatively demonstrates the impacts of attenuation processes (ie., advection, dispersion, and
degradation) on the future evolution of the DCE and vinyl chloride groundwater plumes. The
groundwater modeling was performed using U.S. Geological Survey (USGS) MODFLOW sofiware. A
version of MODFLOW that includes the Lake Package was used in order to more correctly simulate the
interaction between the groundwater and ABRES-A Lake. Groundwater fate and transport was simulated
using the Modular Three Dimensional Transport Model (MT3D) and the Multi-Species Reactive
Transport Simulation Softwate (RT3D) model. RT3D is based on the MT3D model, which uses a mixed
Eulerian-Lagrangian approach to the solution of the advection-dispersion equation, based on a
combination of the method of characteristics and the modified method of characteristics. RT3D adds the
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capability to simulate various types of chemical and microbial reaction kinetics. For Sites 13 and 14, the
first-order sequential decay model for TCE, DCE, and vinyl chloride decay chain components (RI3D
Reaction Module 6) was used to simulate biodegtadation.

The winter 2003 VOC concentrations were used to simulate the impact on groundwater quality at sentry
well 14-MW-5 if a hydrogen donor treatment compound is injected into site groundwater using RT3D.
The R13D simulations were run separately for treatment injections at wells 14-MW-3, 14-MW-4, and
14-MW-6, wells located progressively further down the paleochannel and approaching the sentry wells.
Results of the RT3D simulations are summarized on Figure 2-6. These scenarios were run to evaluate the
location at which an injection array would best prevent VOCs at concentrations above the California
drinking water MCLs from impacting groundwater at sentry wells 14-MW-5 and 14-MW-8 {Tetia Tech
2003b)

231 Modeling Summary for Natural Attenuation of DCE and Vinyl Chloride in the
Paleochannel

The groundwater model predicts that the plume will migrate over the next several decades toward sentry
well 14-MW-5  Using winter 2003 monitoring data, concentrations of ¢is-1,2-DCE and vinyl chloride at
sentry well 14-MW-5 are predicted to peak at 84 pg/L (by 2031) and 3.5 ug/L (by 2029), respectively
(Figure 2-6) Without active remediation, concentiations of ¢is-1,2-DCE at the sentry well will fall below
the California MCL or 6 ng/l. by approximately 2065. Under the natural attenuvation scenario, vinyl
chloride will fall below the California MCL of 0 5 pg/L by approximately 2055 at sentry well 14-MW-5.
Thus, natural aitenuation processes are not strong enough to decrease concentrations of cis-1,2-DCE and
vinyl chloride at the sentry well below the MCLs within a reasonable timefiame

For the modeling scenario where only one area near 14-MW-3 is treated with HRC, subsurface conditions
at sentry well 14-MW-5 are predicted to exceed the California MCLs of 6 pug/L. for ¢is-1,2-DCE and 0 5
ug/L for vinyl chloride by approximately 2010 This scenario predicts that concentrations of DCE and
vinyl chloride at the sentry well will peak at 30 pg/L (by 2024) and 12 pg/L (by 2022), respectively
(Figure 2-6). The RI3D model was then run with another hypothetical treatment barrier at well 14-MW-
4. Under this scenario, DCE concentrations at the sentry well still exceed the California MCL but vinyl
chloride concentrations do not. When the model is performed with an additional treatment with HRC
farther downgradient near well 14-MW-6, both DCE and viny! chloride levels are reduced sufficiently to
prevent concentrations DCE and vinyl chloride above the MCLs from impacting the sentry well (Figure
2-6). Results of this modeling scenario indicate that the IRA should focus on at least two treatment areas
(e g, injection barriers) in order to completely mineralize the VOCs and to prevent VOCs from migrating
to the sentry well location (Tetra Tech 2003b).

2.4 HUMAN HEALTH STREAMLINED RISK EVALUATION

A streamlined risk evaluation was conducted for the Site 13C Draft RI (Tetra Tech 2004a) in order to
evaluate potential carcinogenic risks and noncarcinogenic hazards associated with chlorinated solvents in
groundwater. The exposure scenarios are consistent with guidelines provided in the US. EPA Risk
Assessment Guidance for Superfund (US. EPA 1989), the California Environmental Protection Agency
(Cal/EPA) Supplemental Guidance for Human Health Multimedia Risk Assessments of Hazardous Waste
Sttes and Permitted Facilities (Department of Toxic Substances Control [DTSC] 1992) and guidance on
the dermal exposure pathway (DISC 2000). Cal/EPA’s Preliminary Fndangerment Assessment
Guidance Manual (DTSC 1999) was also used to guide the risk assessment
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The focus of this study is an evaluation of ICE and its daughter products in groundwater The
compounds TCE, ¢is-1,2-DCE, trans-1,2-DCE, 1,1-DCE, and vinyl chloride are identified as chemicals
of potential concern (COPCs) for this study The monitoring data used to characterize groundwater
conditions for streamlined risk evaluation were based on data collected in 1997 and 2000. Metals detected
in groundwater are being addressed in the baseline risk assessment, as are the five other organic
chemicals that are considered likely 1o be laboratory artifacts (i e., acetone, 2-butanone, carbon disulfide,
chloroform, and methylene chlotide) (Tetra Tech 2003b)

Thiee human receptor groups were assumed to be exposed to groundwater: futare industrial workers,
future construction workers, and off-site residents Total excess lifetime carcinogenic risks estimated for
industrial workers, construction workers, and off-site 1esidents exposed to COPCs in groundwater are
approximately 2 x 10%, 2 x 107, and 2 x 10?, respectively These risk estimates exceed the DTSC “point
of departure” of 10 and risks for off-site residents exceed the U S. EPA’s tar get risk 1ange of 10%to 10
The noncarcinogenic Hazard Index (II) for industrial and construction workers is 2 8 and 5.6,
respectively The overall HI for hypothetical use of groundwater for off-site residents is approximately
35 for adults and 140 for children. All of these Hls exceed the threshold value of 1

In summary, the results of the streamlined human health risk assessment suggest that four of the five
chlorinated solvents found in groundwater (ICE, ¢is-1,2-DCE, 1,1-DCE, and viny! chloride) pose non-
negligible risks to three hypothetical human receptor groups assumed to use groundwater for potable
purposes. Based on these results, additional action appears warranted at this site cluster

2.5 ECOLOGICAL RISK ASSESSMENT SUMMARY

An ERA was conducted as part of the Site 13C Draft RI (Tetra Tech 2004a) Ecological 1isks were
evaluated for four areas of concern (AOCs) at Sites 13, 14, and 28: (1) the Mesa, which consists of coastal
sage scrub habitat on the Sites 13 and 28, and as well as three seasonally wet artificial basins
{neutralization lagoon, lower nitrogen tetroxide hardstand, and lower Aerozine-50 hardstand) offering
limited aquatic habitat, (2) riparian habitat in ABRES-A Canyon, (3) freshwater emergent/aquatic habitat
at ABRES-A Lake, and (4) All Terrestrial Arcas of Sites 13, 14, and 28, which was evaluated for wide-
ranging species that forage across the whole site clustei

Ecological Hazard Quotients (HQs) of significance in the Mesa AOC consisted of potential risks to plants
posed by lead in suiface soils, potential risks to plants and herbivorous small mammals posed by
molybdenum in soils, and potential risks to soil invertebrates and herbivorous birds posed by zinc in
surface soils In the VOC hotspot at Channel C, the HQ for inhalation exposures of the ornate shrew to
ICE in subsurface soils slightly exceeded 1 In the neutralization lagoon, zinc in swiface water and
selenfum in sediments pose a potential for adverse effects on aquatic invertebrates and emergent plants,
1espectively, although these HQs were both less than 2. In the lower nitrogen tetroxide hardstand, a
potential exists for adverse impacts to aguatic invertebrates due to exposures to lead in surface water, to
emergent plants due to exposures to lead and zinc in sediments, and to sediment biota due to exposures to
cadmium, copper, lead, nickel, and zinc in sediments. The ovetall marginal to moderate ecological value
of these habitats should be considered when making risk management decisions about the neutralization
lagoon and lower nitrogen tetroxide hardstand. In the ABRES-A Canyon AQC, a potential exists for
adverse impacts to terrestrial receptors due to exposures to cadmium (grasses and forbs and shrubs), lead
(grasses and forbs, shiubs, trees, and soil invertebrates), molybdemum (grasses and forbs, shrubs, trees,
and herbivorous mammals), and zinc (grasses and foibs, shrubs, soil invertebrates, insectivorous birds,
and herbivorous birds and mammals) Tn the ABRES-A Lake AOC, a potential exists for adverse impacts
to emetgent plants due to exposures to cadmium, molybdenum, and selenium in sediments, and to
sediment biota due to exposures to cadmium and nickel in sediments.
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3.0 REMOVAL ACTION SCOPE AND OBJECTIVES

31 STATUTORY LIMIIS

The identification process must include consideration of statutory limits on removal actions. The
statutory limits on removal actions are $2 million for fund-financed removal actions pursuant to section
104(c)(1} of CERCLA. It is highly unlikely that this timit will be exceeded, as costs for this removal
action are anticipated to be considerably less than $2 million. The time necessary to complete this action
is contingent upon regulatory approval and public comment period.

3.2 CONDITIONS JUSTIFYING REMEDIAL ACTION

321 Review of Regulations

A review of applicable regulations concerning DCE, TCE, and vinyl chloride contamination in the
envitonment tevealed the following information

The maximum concentrations of TCE, ¢is-1,2-DCE, trans-1,2-DCE, 1,1-DCE, and vinyl chloride
detected in groundwater at Site 13C during the RI were 1,300, 1,580, 21, 6.71, and 51.9 pgL,
respectively (Table 2.3) The maximum concentration of TCE detected in groundwater (1,300 pg/L)
exceeds the Resource Conservation and Recovery Act (RCRA) hazardous waste Ioxics Characteristics
Leaching Procedure (ICLP) criterion of 500 ug/I.. This elevated concentration of TCE was detected in
groundwater upgradient of ABRES-A Lake; only trace (less than I pg/1.) concentrations of TCE have
been detected in the paleochannel where the groundwater IRA is proposed. Concentrations of other
organic constituents in sitc groundwater do not exceed California or federal hazardous waste criteria
These hazardous waste criteria, along with other ARARs applicable to groundwater, are provided in
Appendix B.

The Central Coast Water Quality Control Plan (1994) sets water quality objectives for the central coast of
California and protects the beneficial uses of water at Vandenberg AFB pursuant to Title 22 of the
California Code of Regulations (CCR) The Plan identifies all groundwater within the central coast to be
of potential beneficial use. 1o protect the beneficial use of groundwater, TCE, frans-1,2-DCE, 1,1-DCE,
¢is-1,2-DCE, and vinyl chlotide should not exceed the California MCLs of 5, 10, 6, 6, and 0 5 ng/L,
respectively. Concentrations of ¢is-1,2-DCE, #rans-1,2-DCE, and vinyl chloride exceed the California
MCLs in paleochannel groundwater. The VOCs TCE and 1,1-DCE were not detected at concentrations
above the MCLs in the paleochannel area

State Water Resources Control Board (SWRCB) Resolutions 68-16 and 92-49 require that high quality
groundwater be maintained to the maximum extent possible. During preparation of the Groundwater
Treatability Study Work Plan for Site 13C, the SWRCB commented on the Draft document that

“Cleanup of sites must be in manner that promotes the attainment of either background
water quality, or the best water quality that is reasonable if background water quality
cannot be restored.”

Given this requirement, the Air Force will continue to evaluate final cleanup levels, including the
technical and economical feasibility of alternatives to achieve background (i ¢., nondetectable levels) for
all VOCs in groundwater. These final cleanup levels will be addressed in the forthcoming Feasibility
Study for Site 13C
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3.2.2 Fate and Transport Modeling Summary

The fate and transport modeling predicts that the groundwater plume in the paleochannel will migrate
over the next several decades toward sentry well 14-MW-5. Using winter 2003 monitoring data, the
concentration of ¢is-1,2-DCE at sentry well 14-MW-5 is estimated to peak at 84 ug/L by 2031; similarly,
the conceniration of vinyl chloride is estimated to peak at 3 4 ug/L by 2029 Without active remediation,
concentrations of cis-1,2-DCE. at the sentry well are estimated to fall below the California MCL (6 ng/L)
by approximately 2065. Under the natural attenuation scenario, vinyl chloride is estimated to fall below
the California MCL 0of 0 5 ng/L by approximately 2055 at the sentry well (Figure 2-6). Therefore, natural
attenuation processes are not considered adequate in decreasing cis-1,2-DCE and vinyl chloride
concentrations ai the sentry well below the MCLs within a reasonable timeframe.

Results of the active remediation modeling scenario indicate that an IRA should focus on at least two
treatment areas in order to mineralize the VOCs to concentiations below MCLs and to prevent VOCs
from migrating to the sentry well location (Tetra Tech 2003Db).

3.2.3 Human Health Risk Summary

The results of the streamlined human health risk assessment suggest that four of the five chlorinated
solvents found in groundwater (1,1-DCE, cis-1,2-DCE, TCE, and vinyl chloride) pose non-negligible
risks to receptors assumed to use groundwater for potable purposes Assumed exposure to cis-1,2-DCE
and TCE 1esults in noncancer Hls greater than 1, while exposure to 1,1-DCE, ICE, and vinyl chioride
results in total carcinogenic risk estimates between 2 x 107 and 2 x 10°. Based on these results,
additional action appears warranted at this site cluster

324 Summary

The following IRA objectives for groundwater at the downgradient paleochannel portion of this site
cluster have been identified:

) Control migration of the groundwater contaminant plume in the paleochannel until the
final remedy for the source atea is in place

. Begin reduction of VOC contaminant concentrations in the paleochannel aquifer to
accelerate the final remedy .

) Prevent VOCs from impacting groundwater at sentry wells 14-MW-5 and 14-MW-8.

. Prevent potable uses of groundwater with chlorinated solvent concentiations that
represent unacceptable levels of risk and exceed ARARs; and

. Remediate groundwater to conform to beneficial uses as designated by the Regional
Water Quality Control Board (RWQCB), which includes considetation of drinking water
MCis

Based on the potential risks to receptors assumed to use groundwater for potable purposes, and results of

the review of applicable regulations, it is recommended that the groundwater in the paleochannel be
remediated because:
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. Concentiations of cis-1,2-DCE, trans-1,2-DCE and vinyl chloride in the paleochannel
groundwater curtently exceed the proposed remediation goals (i ¢, the California MCLs)

) The concentrations of cis-1,2-DCE at sentry well 14-MW-5 is estimated to peak at &4
ug/L by 2031; the concentration of vinyl chloride is estimated to peak at 3 4 ug/L by
2029

. Total carcinogenic risks for exposwre to TCE, DCE, and vinyl chloride levels in

groundwater exceed the U 8 EPA’s target risk 1ange of 10 to 10™*; and

. The overall noncarcinogenic HI for hypothetical use of groundwater as a potable water
source exceeds 1.
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4.0 IDENTIFICATION AND SCREENING OF ALTERNATIVES

The following TRA alternatives for groundwater at Site 13C have been identified and screened:

. Alternative 1: No Action;

. Alternative 2: Monitored Natural Attenuation;
. Alternative 3: In-Situ Bioremediation;

. Alternative 4: In-Sifu Chemical Oxidation; and
. Alternative 5: Ex-Sifu Groundwater Treatment.

The alternatives listed above were analyzed to determine their effectiveness in achieving the removal
action objectives and estimated IRA duration Each of the alternatives was conceptually deployed at two
locations along the paleochannel at Watt Road and west of the railioad tracks in order to achieve cleanup
objectives.

The estimated duration of operation for active remedies (ie., no action and MNA are excluded) was
calculated using site-specific hydrogeologic data and geometric considerations. From the MODFLOW
computer model used for the site cluster, the groundwater velocity beneath ABRES-A Lake is estimated
as 0 4 feet/day, whereas the groundwater velocity beneath the paleochannel is estimated as 1.2 feet/day
(Tetra Tech 2004a). Travel time is calculated by dividing the distance between the source area and the
treatment area by the groundwater velocity. The distance between the Site 13 source area (taken as east
of wells 13-MW-1 and -7) and the Watt Road treatment area is approximately 1,900 feet. This distance
divided by the velocity of groundwater yields 4,750 days, or approximately 13 years

It has been assumed that the Site 13 source arca will be removed during the Remedial Action-
Construction (RA-C) 3 years henceforth. Therefore, in 3 years, an additional 13 years of travel time
would be required before residual contamination in groundwater assumed to be positioned at the source
area location flows beneath Watt Road to be treated. A total of 16 years (3 plus 13 years) would be
required for active remedies at the Watt Road location.

The distance between Watt Road (assumed as a source area for the paleochannel} and the downgradient
railroad treatment area is approximately 1,590 feet. At 1.2 feet/day, a total of 1,325 days, or
approximately 3.6 years, is calculated as the time it would take for residual contamination to move from
Watt Road to the downgiadient treatment area. Assuming groundwater cleanup at Watt Road takes 2 4
years, a total of 6 years (2 4 plus 3.6 years) is calculated to be required to operate a remediation system at
the downgtadient treatment area.

Since each active removal alternative screened in this EE/CA is designed to operate as a barrier, each
alternative would be dependent upon travel times for contamination to reach the barrier. Therefore,
alternatives at the downgradient treatment area are uniformly assumed to require 6 years of operation;
while alternatives at the Watt Road treatment area are assumed to require 16 years of operation
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4.1

IDENTIFICATION OF SCREENING CRITERIA

California’s Health and Safety Code Section 25356 1(d) requires that Removal Action Plans be based on

the NCP.

alternatives.

The NCP identifies nine criteria, or standards, that can be used to evaluate remedial
Because the nime criteria provide a thorough, standardized method for comparing

alternatives, they are used for the Site 13C EE/CA. The nine criteria, as modified by the State of
California, are listed below,

|

<Sec 04 doc>

Overall Protection of Human Health and the Environment

Addresses whether a remedy provides adequate protection of human health and the
environment and describes how risks posed through each pathway are climinated,
reduced, ot controlled through' treatment, engineering contiols, or institutional controls.

Compliance with State and Federal Requirements

Addresses whether a remedy will meet all appropriate federal, state, and local
environmental laws and regulations. This evaluation is a step to identify potential
ARARs. Applicable requirements are those cleanup standards, standards of controi,
and other substantive environmental protection requirements, criteria, or Hmitations
promulgated under federal, state, or focal laws that specifically address the situation at a
CERCLA site. The requirement is applicable if the jurisdictional prerequisites of the
standard show a direct correspondence when objectively compared to the conditions at
the site. If the requirement is not legally applicable, then the requirement is evaluated to
determine whether it is relevant and appropriate  Relevant and appropriate
requirements are those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal,
state, or focal laws that, while not applicable, address problems or situations sufficiently
similar to the circumstances of the proposed response action, and are well suited to the
conditions of the site (I/.S. EPA 1988). ARAR determination is an iterative process that
requires the Air Force, as the lead federal agency, and the state to work together to
identify and consider ARARs at critical points of the remedial process

Tabulated summaries of potential ARARs for Site 13C groundwater are presented in
Appendix B.

Long-Term Effectiveness and Permanence
Refers to the ability of a remedy to maintain reliable protection of human health and the
environment over time, once cleanup goals have been met.

Reduction of Toxicity, Mobility, and Volume Through Treatment
Refers to the ability of a remedy to reduce the toxicity, mobility, and volume of the
hazardous substances o1 constituents present at the site.

Cost: Present Worth

Evaluates the estimated present-worth costs of each remedy including capital, operation,
and maintenance costs.
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6. Short-Term Effectiveness
Addresses the period of time needed to complete the remedy and any potential adverse
impact to human health and the environment during the construction and implementation
period until the cleanup standards ate achieved.

7. Implementability
Refers to the technical and administrative feasibility of a remedy, including the
availability of materials and services needed to carry out a particular option.

8. Regulatory Agency Acceptance
Indicates whether, based on its review of the information, the applicable regulatory
agencies would agree with the preferred alternative.

9. Community Acceptance
Indicates whether the remedy addresses community concerns, and if the community
prefers a specific remedy

For an alternative to be eligible for selection, it must meet the first two “threshold” criteria described
above. Criteria 3 through 7 are the “primary balancing criteria,” and critetia 8 and 9 are “modifying
criteria” (DTSC 1995). The NCP (40 Code of Federal Regulations [CFR] 300.403fe]) provides further
discussion on the use of these criteria.

4.2 SCREENING OF REMEDIAL ALTERNATIVES
This section evaluates the removal alternatives based upon the NCP criteria

421 Alternative 1: No Action

Alternative 1 is a baseline scenario to which other management alternatives can be compared. Under
Alternative 1, no removal action or institutional controls would be administered

42.1.1 Overall Protection of Hmnan Health and the Environment

The SWRCB Resolution 68-16 establishes the policy that high-quality waters of the State shall be
maintained to the maximum extent possible “consistent with the maximum benefit to the people of the
State” (SWRCB 1994) This requirement has been interpreted for this EE/CA to apply to any
groundwater that may have future beneficial use for the people of the State. Alternative 1 would not
provide any means for improvement of the groundwater and therefore does not address the protection of
human health and the environment Therefore, the no-action alternative does not meet the first of the two
threshold criteria.

4.2.1.2 Compliance with State and Federal Requirements
The no-action alternative would not serve to reduce contamination levels toward achieving ARARs at Site

13C. Therefore, Alternative 1 does not meet the second of the two threshold criteria and will not be
evaluated further.
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4.2.2 Alternative 2: Monitored Natural Attenuation

For Alternative 2, numerous physical and chemical groundwater parameters would be periodically
monitored to assess the potential for infrinsic biodegradation of chlorinated solvents Anaerobic
conditions (low dissolved oxygen and negative oxidation 1eduction potential) are favorable for the initial
degradation of TCE and its daughter products. Where MNA potential is high and where an imminent risk
to human health and the environment does not exist, MNA may be the remediation method of choice for
groundwater contaminated with petroleum hydiocatbons or chlotinated ethenes. MNA is accepted by the
US. EPA and all states when supported by field data Implementation is usually straightforward and
operation and maintenance (O&M) involves well maintenance, a monitoring schedule, and project
reparting.  If implemented, MNA could be used as the sole remedy, or as part of a more complex
remediation strategy. Note that at Site 13C, MNA is currently performed under the BGMP.

Degradation of TCE via reductive dechlorination is likely occurring at Sites 13 and 14, based on the
presence of TCE degradation products DCE and vinyl chloride in groundwater, the fact that there were no
suspected uses of DCE and vinyl chloride at Site 13C, and the disappearance of TCE below ABRES-A
Lake with continued detections of DCE and vinyl chloride in paleochannel wells The absence of TCE
and the persistence of DCE and vinyi chloride as the plume migrates downgradient suggest that TCE
degradation rates are relatively high, but that the DCE and vinyl chloride degradation rates are relatively
low. The fate and transport modeling summarized in Section 2.3 demonstrates the effects of the natural
attenmation processes on the future evolution of the DCE and vinyl chloride groundwater plumes at Site
13C. The fate and ttansport modeling indicates that natuzal attenuation processes would not be adequate
to decrease cis-1,2-DCE and vinyl chloride concentrations at the sentry well below the MClLs within a
reasonable timeframe

4.2.2.1 Overall Protection of Human Health and the Environment

The SWRCB Resolution 68-16 establishes the policy that high-quality waters of the State shall be
maintained to the minimum extent possible “consistent with the maximum benefit to the people of the
State” (SWRCB 1994) This requirement has been interpreted for this EE/CA to apply to any
groundwater that may have future beneficial use for the people of the State. Alternative 2, based on
computer modeling, would result in MCL exceedances at the sentry wells and would not provide for
improvement of groundwater conditions and protection of human health and the environment. Therefore,
the MNA alternative does not meet the first of the two threshold criteria.

4.2,2.2 Compliance with State and Federal Requirements

The fate and transport modeling summarized in Section 2.3 demonstrated that natural attenuation
processes would not be adequate in decreasing ¢is-1,2-DCE and vinyl chloride concentrations at the
sentry well below the MCLs within a reasonable timeframe Contaminant ttansport modeling indicates
that cis-1,2-DCE levels will fall below the California MCL of 6 pug/L by approximately 2065 and vinyl
chloride will fall below the California MCL of 0.5 pg/L by approximately 2055 at sentry well 14-MW-5.
Because Alternative 2 would not reduce contamination levels below MCLs within a reasonable amount of
time, this alternative does not meet the second of the two threshold criteria and will not be evaluated
further.
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4.2.3 Alternative 3: In-Sifu Bioremediation

In-sitn bioremediation is a remediation technology that utilizes natwally occurring microorganisms to
convert organic contaminants into simplet compounds under manipulated environmental conditions. The
microotrganisms can degiade undesitable organic compounds such as TCE, cis-1,2-DCE, and vinyl
chloride. In-situ bioremediation is applied to environmental contaminants to eliminate or reduce the
toxicity of the contaminants and thus reduce the risk to human health and the environment. The
innovative aspect of this technology is the appropriate and preconceived manipulation of environmental
conditions to promote or enhance biodegradation of compounds that are otherwise undergoing little or no
natural biodegradation. Bioremediation techniques are destruction techniques directed toward stimulating
the microorganisms to grow and use the contaminants as a food and energy source (O’Brien and Gere
Engineets, Inc. [O’Brien and Gere] 1995) Alternative 3 would involve the injection or addition of
electron donors and/oi electron acceptors into the groundwater aquifer to enhance the ability of
microorganisms to degrade specific contaminants. Through in-situ bioremediation, it is expected that cis-
1,2-DCE and vinyl chloride would be degiaded and destroyed. Technologies that are included in the
evaluation of in-sifu bioremediation are injection of HRC and/or Oxygen Release Compound (ORC),
addition of oxygen and hydrogen gas to the subsurface, and addition of soybean oil. For the initial
screening, injection of HRC and ORC was assumed to comprise the in-sifu bioremediation program.

4.2.3.1 Overall Protection of Human Health and the Environment

Performing in-sizu bioremediation would likely eliminate existing unacceptable risks due to potential
current and future human receptors as stated by SWRCB Resolution 68-16. With regard to the
environment, equipment operation associated with remedial activitics would cause a short-term
disturbance of vegetation and animals at Site 13C (e g., with the installation of groundwater monitoring
and/or injection wells, application finjection of electron donot or acceptor product], and regular O&M
activities), Short-term impacts will be mitigated with access control measures during the field activities.

42,32 Compliance with State and Federal Requirements

Tabulation of potential ARARs identified for Site 13C are provided in Appendix B. If applied
successfully, Alternative 3 would comply with the federal, state, and local requirements presented in
these tables.

4233 Long-Term Effectiveness and Permanence

The final, long-term remedy for the source area at Site 13C will be addressed during the RA-C after
completion of the FS. The in-situ bioremediation alternative will likely be effective over the long term in
reducing VOC concentrations in the paleochannel downgradient of the source area; thus protecting the
beneficial uses of the aquifer.

4.23.4 Reduction of Toxicity, Mobility, and Volnne Through Treatment

This alternative would involve the manipulation of the subswrface environment to facilitate contaminant
degradation  Contamination moving through the groundwater would be degraded based on the
amendments added. Contaminant levels would be reduced and would be prevented from moving
downgradient; therefore, the toxicity, mobility, and volume of contamination would be reduced to achieve
acceptable risk levels at Site 13C
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4.2.3.5 Cost: Present Worth

The estimated present-woith cost associated with in-sifu bioremediation at Site 13C is $5,021,935. A
detailed breakdown of this cost is provided in Appendix D. This cost assumes a total pioject duration,
including O&M, of 16 years. The basis for the 16-year duation is provided in Appendix D.1

42.3.6 Short-Term Eifectiveness

After amending the subsurface environment, it would likely require several months for the groundwater
environment to be suitably affected. This is due to the time required for either electron donots or
acceptors to disperse in the groundwater. Also, after dispersion, it is expected that additional time would
be required for the subsurface microorganisms become acclimated to the environment. During
installation of Alternative 3, short-term 1isks associated with the use of heavy equipment would be
created, including movement of drill rigs around the site. A Health and Safety Plan, included as
Appendix C, addresses removal action hazards, but this administrative tool will not eliminate all site
hazards. Ecological resources would be affected by traffic to and from the site, and by drilling and
installation equipment. Implementing access control measures during the field activities will minimize
these short-term impacts.

4.2.3.7 Implementability

Implementing in-situ bioremediation would be administratively and techmically feasible. Materials,
equipment, and services necessary for this alternative would be readily available. Implementing this
alternative would involve drilling and well installation subcontractors, amendment application/injection
subcontractors, and laboratory subcontractors.

423.8 Regulatory Agency Acceptance

Although regulatory agency acceptance of this alternative is anticipated, Tetra Tech and the Air Force
would work closely with DTSC and the RWQCB, as needed, during the approval process. In addition, all
pertinent ARARs are listed in Appendix B.

4.2.3.9 Comununity Acceptance

Community acceptance of this alternative would be expected because treatment of the contaminated
groundwater would protect the beneficial use of the paleochannel aquifer. The groundwater would be
treated in place. Minimal but manageable impacts to the environment would be expected during the
installation and operation phases of this alternative. Impacts to local traffic from this alternative would be
minimal and would include subcontractors entering and leaving Vandenberg AFB during field activities.

424 Alternative 4: In-Situ Chemical Oxidation

Oxidation is the movement of a contaminant to a higher oxidized or more environmentally benign state.
The oxidation process can transform many chemicals that are considered contaminants in the environment
into innocuous end products. Over time, the injected oxidant is depleted, requiring additional injections.
Oxidation technologies form part of the many treatment alternatives that, when applied effectively at a
hazardous waste site, have the capability to reduce or eliminate both the volume and toxicity of
contaminants (O’Brien and Gere 1995). The most common delivery methods of in-situ chemical
oxidation (ISCO) involve injection of the oxidant only (Naval Facilities Engineering Services Center
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INFESC] 2004). The technology that is included in the discussion of ISCQ is the injection of potassium
permanganate solution

4.2.4.1  Overall Protection of Human Health and the Environment

Performing ISCO would likely eliminate existing unacceptable risks due to potential current and future
human receptors as stated by SWRCB Resolution 68-16. With regard to the environment, equipment
operation associated with removal activities would cause a short-term disturbance of vegetation and
animals at Site 13C (e.g.,, with the installation of groundwater monitoring and/or wells, injection of
additives, and regular O&M activities). Short-term impacts will be mitigated with access control
measures during the field activities.

4.2.4.2 Compliance with State and Federal Requirements

Tabulation of potential ARARs identified for Site 13C are provided in Appendix B. If applied
successfully, Alternative 4 would comply with the federal, state, and local requirements presented in these
tables.

4.2.4.3 Long-Term Effectiveness and Permanence

The final, long-term remedy for the source area groundwater at Site 13C would be addressed during the
RA-C after completion of the FS. Over the long term, the ISCO alternative would be effective over the
long term in reducing VOC contamination in the paleochannel aquifer, thus protecting the beneficial use
of the groundwater aquifer. This technology is not permanent by design. To ensure long-term
effectiveness, this technology would require repeated injection of product to maintain oxidant levels
required for treating chlorinated solvents in the groundwater (i e, every 120 days).

4.2.44 Reduction of Toxicity, Mobility, and Volume Through Treatment

This alternative would involve the addition of chemical oxidants to groundwater in order to destioy
chlorinated solvents. Chemical oxidants reduce the toxicity of contamination through complete
destruction, thus preventing the VOCs from migrating downgradient to the sentry well. Therefore, the
toxicity, mobility, and volume of contamination would be reduced to achieve acceptable risk levels at Site
13C.

4.2.4.5 Cost: Present Worth

The estimated present-worth cost associated with ISCO at Site 13C would be approximately $5,468,716.
Breakdown of this cost can be seen in Appendix D. This cost assumes a total period of performance of 16
years.

4.2.4.6 Short-Term Effectiveness

After amending the subsuiface environment, destruction of groundwater contaminants via ISCO would
begin immediately. The time required to amend the subsurface environment is dependent on:

) Size of the treatment area;

. Oxidant delivery rates;
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. Remediation goal; and
. Well spacing and aquifer properties (groundwater velocity).

This technology would be expected to begin oxidizing VOCs soon after injection into the groundwater.
During this installation phase of Alternative 4, short-term risks associated with the use of heavy
equipment would be created, including movement of drill 1igs around the site. A Health and Safety plan
is included as Appendix C so that workers can address removal action hazards, but this administrative
tool will not eliminate all site hazards. Ecological resources would be affected by tiatfic to and from the
site, and by drilling and installation equipment. Implementing access control measures duing the field
activities will minimize these short-term impacts

4.24.7 Implementability

Implementing ISCO would be administratively and technically feasible. Materials, equipment, and
services necessary for this alternative are readily available. Implementing this alternative would involve
coordinating drilling contractors, oxidant injection, and laboratory subcontractors. Stainless steel casing
would be required for all injection wells. The presence of high levels of organic peat material in the
aquifer at Watt Road would increase oxidant demand and may require application of additional oxidant.

42,48 Regulatory Agency Acceptance

Although regulatory agency acceptance of this alternative is anticipated, Tetra Tech and the Air Force
would work closely with DTSC and the RWQCB, as needed, dwing the approval process. Some
additional monitoring requirements (i.e., color, manganese, etc ) may be imposed prior to regulatory
approval. In addition, all pertinent ARARs are listed in Appendix B.

4.2.4.9 Community Acceptance

Community acceptance of this alternative would be expected because treatment of the contaminated
groundwater would protect the beneficial use of the paleochannel aquifer. The groundwater would be
treated in place. Minimal impact to the environment would be expected during the installation and
opezation phases of this alternative. Impacts to local traffic from this alternative would be minimal and
would inciude subcontractors entering and leaving Vandenberg AFB each day

4.2.5 Alternative 5: Ex-Situn Groundwater Treatment

i

Ex-situ groundwater treatment would involve extraction of groundwater to the surface, treating
contarmination, and then either recharging the treated water back into the ground or discharging the water
to a surface water body or treatment/disposal unit such as a municipal sewage plant. Once groundwater
has been pumped to the surface, contaminants can be reduced to very low levels with established
technologies. Pumping and treating contaminated groundwater does not guarantee that all of the
contaminants will be removed from the site Ex-sifu groundwater treatment can be designed along with
containment, which will prevent the contamination plume from spreading, thus reducing the
contamination mass. For containment, the extraction rate is generally established as the minimum rate
sufficient to prevent migration of the contaminated zone. For restoration, the pumping rate is increased to
allow clean water to flush more quickly through the contaminated zone. Once groundwater is extracted,
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the VOCs be removed from the effluent using a proven technology such as granular activated carbon.
The evaluation for Alternative 5 is based on a containment strategy.

4,2.5.1 Overall Protection of Human Health and the Envirenment

Performing ex-situ groundwater treatment would eliminate existing unacceptable risks in water due to
potential current and future human receptors as stated by SWRCB Resolution 68-16. Extracted water
would be treated to required standards and would no longer pose a human health risk. Over time,
contaminant concentrations in groundwater would be reduced through the extraction process. With
regard to the environment, equipment operation associated with remedial activities would cause a short-
term disturbance of vegetation and animals at Site 13C (e.g , with the installation of addition groundwater
wells, and regular operation and maintenance activities) Short-term impacts will be mitigated with
access control measures during the field activities.

4,2.5.2 Compliance with State and Federal Requirements

Tabulation of potential ARARs identified for Site 13 is provided in Appendix B. Alternative 5 would
comply with the federal, state, and local requirements presented in these tables.

4.2.5.3 Long-Term Effectiveness and Permanence

The ex-situ groundwater treatment alternative would only be effective over the long-term operation of the
system by reducing and potentially eliminating the potential current and future human health risk
pathways associated with contaminated groundwater. This technology would be a long-term installation
by design based on the time it would take to remove groundwater contaminants. To ensure long-term
effectiveness, this technology would require continual operation of the extraction and treatment system to
reduce chlorinated solvent concentrations in the groundwater

4.2.54 Reduction of Toxicity, Mobility, and Volume Through Treatment

This alternative would involve the extraction of contaminated groundwater. The extraction process would
create a hydraulic containment barrier, thus preventing migration of groundwater contamination toward
the sentry well. Once extracted, the groundwater would be treated to remove VOCs. This process would
reduce the toxicity of extracted groundwater and prevent it from migrating further downgradient. The
volume of contamination in the subsurface would be reduced over time by creating a mass transfer
gradient between groundwater and the aquifer material Therefore, the toxicity, mobility, and volume of
contamination would be reduced to achieve acceptable risk levels at Site 13C.

4.2.5.5 Cost: Present Worth

The estimated present-worth cost associated with ex-situ groundwater treatment at Site 13C would be
approximately $4,680,810. Breakdown of this cost can be seen in Appendix D. The cost assumes—and
indicates—O&M for 16 years.

4.2.5.6 Short-Term Effectiveness

After startup of the groundwater extraction system, hydraulic containment and removal of contaminants
would begin immediately. During installation of Alternative 3, short-term 1isks associated with the nse of
heavy equipment would be created, including moverment of drill rigs around the site. A Health and Safety
plan is included as Appendix C so that workers can address temoval action hazards, but this
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administrative tool will not eliminate ail removal action hazards. Ecological resources would be affected
by traffic to and from the site, and by drilling and installation equipment Implementing access contiol
measures during the field activities will minimize these short-term impacts.

4,257 Implementability

Implementing ex-sifu groundwater treatment would be administratively and technically feasible, although
permiiting costs would be higher. Materials, equipment, and services necessary for this alteinative are
readily available. Implementing this alternative would involve coordinating drilling contractors, system
design, installation, and maintenance, water treatment product change-out, and laboratory subcontractors.
In addition, due to the required operation and maintenance of the treatment system, an increased amount
of field labor would be necessary.

4,2.5.8 Regulatory Agency Acceptance

Although regulatory agency acceptance of this alternative is anticipated, Tetra Tech and the Air Force
would work closely with DTSC and the RWQCB, as needed, during the approval process. In addition, all
pertinent ARARSs are listed in Appendix B

4.2.5.9 Community Acceptance

Community acceptance of this alternative would be expected because treatment of the contaminated
groundwater would protect the beneficial use of the paleochannel aquifer. Treated groundwater would
then be retwined to the environment. Minimal impact to the environment would be expected during
installation and operation of this action. Tmpacts to local t1iaffic from this alternative would be minimal
and would include subcontractors entering and leaving Vandenberg AFB during field activities.

4.3 COMPARISON OF SELECTED ALTERNATIVES

A screening table (Table 4-1) has been prepared to compare the selected alternatives in terms of short-
and long-term effectiveness, implementability, and cost. These categories were assigned a number from 0
(the least desirable rank) to 3 (the most desirable rank}. These numbers were added and a total rank was
assigned to each alternative. Based on the comparison of effectiveness, implementability, and cost it was
determined that Alternative 3, in-situ bioremediation, had the highest score and therefore would be the
best technology for remediation of chlorinated solvents at Site 13C.  Specific in-situ bioremediation
alternatives for remediation of groundwater (ie, electron donor and acceptor alternatives) are discussed
in Section 4 .6. :

44 SUMMARY OF PREFERRED REMEDIAL ALTERNATIVE

Based on the evaluation of remedial alternatives, the preferred alternative is Alternative 3 (in-situ
bioremediation). This alternative would reduce contaminant concentrations and would also comply with
regulatory requirements and be protective of human health and the environment.

A detailed plan for implementation of in-situ bioremediation in the paleochannel will be presented in the

Site 13C IRA Work Plan. An evaluation of the temporary risks and potential impacts to on-site workers
and the environment associated with implementation of the IRA .
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Table 4-1
Relative Ranking of Interim Removal Alternatives

Short- and
Long-Term
Alternative Effectiveness  Implementability Cost Total Score
1. No Action 0 0 3 3
2. Monitored Natural Attenuation 1 2 2 5
3. In-Situ Bioremediation 2 3 2 7
4. In-Situ Chemical Oxidation 2 2 1 5
5. Ex-Situ Groundwater 2 2 2 6

Treatment

Note: The number 0 indicated the least desirable rank; 3 denotes the highest

4.5 DETAILED SCREENING OF IN-SITU BIOREMEDIATION ALTERNATIVES

Alternatives for in-situ bioremediation are identified and compared in this section and are summarized
below. The alternatives being evaluated for in-situ biotemediation are:

. Alternative 3.A: Addition of HRC-X,
. Alternative 3.8B: Addition of HRC-X and ORC;
. Alternative 3.C: Emplacement of Diffusive Gas Emitters (In-situ Submerged Oxygen
Cuztain [iSOC]);
. Alternative 3.D: Addition of soybean oil; and
. Alternative 3 E: Diffusive Gas Emitters and soybean oil.
4.5.1 Screening of In-Situ Bioremediation Alternatives

This section compares alternatives for implementing the five in-situ bioremediation options at Site 13C.
As discussed previously, the treatment duration for Alternatives 3.A through 3 E would be 16 years. All
of the alternatives would involve installing injection and monitoring wells for the delivery of various
amendment compounds to the subsurface and subsequent monitoring. The same injection and monitoring
well network is assumed for all alternatives. The design specifics, including substrate quantities and well
spacing details, will be addressed in the IRA Work Plan for Site 13 Cluster and are discussed in the
subsequent sections to provide a uniform basis for comparing the alternatives.

4.5.1.1 Alternative 3.A: Addition of HRC-X
Regenesis, Inc. (Regenesis) manufactures HRC-X, a patented product used to stimulate anaerobic

biodegradation of contaminated hydrocarbons in groundwater and soil. HRC-X is a polylactate ester
designed to slowly release lactic acid to groundwater over a period of up to 3 to 5 years. The lactic acid is
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slowly biotransformed to pyruvic acid and subsequently to acetic and propionic acids, releasing hydrogen
in each step. Naturally occurring microorganisms capable of reductive dechlorination use the hydrogen to
remove chlorine atoms from chlorinated hydrocarbons (i.e., convert TCE to DCE to vinyl chlaiide to
ethene). Reductive dechlorination is recognized as one of the primary attenuation mechanisms by which
groundwater plumes of chlorinated solvents can be contained and/or remediated.

Based on the review of site groundwater data discussed previously, groundwater conditions downgradient
of ABRES-A Lake near well 14-MW-3 are cuirently semi-anaerobic (Appendix A). For example,
dissolved oxygen (DO) levels ate less than 0.5 milligrams per liter (mg/L), oxidation/reduction potential
(ORP) values are negative, nitrate levels are non-detect, and ferrous iron concentrations are greater than 1
mg/L. Sulfate levels, which exceed 200 mg/L in this area, may compete with the reductive pathway,
requiring higher strength HRC-X to achieve complete breakdown of the chlorinated VOCs.

Two HRC-X zones would be considered for the paleochannel at Site 13C. The first zone would be
located along the width of the paleochannel on the west side of Watt Road, as shown on Figure 4-1. The
injection well barrier would utilize the three existing wells from the treatability study. Using a spacing of
10 feet, an estimated 12 additional injection wells would be drilled using sonic drilling technology, and an
injection well would be completed at each location for the purpose of facilitating HRC-X injection into
the saturated zone. Note that design specifics, including substrate quantities and well spacing details, will
be addressed in the IRA Work Plan for Site 13 Cluster. The second zone would be located along the
width of the paleochannel on the west side of the Southern Pacific Railroad tracks, as shown on
Figure 4-2. Using a spacing of 10 feet, an estimated 15 injection wells would be drilled to refusal using
sonic drilling technology, and HRC-X slunty would be injected throughout the saturated zone in this area.
An additional 5 monitoring wells would be installed to permit monitoring of aquifer conditions in the
vicinity of the HRC-X injection locations

Based on RT3D model predictions, two in-situ reactive zone (IRZ) injection zones, if successful in
completely dechlorinating DCE isomers and vinyl chloride, would be sufficient for reducing VOC
concentiations in groundwater immediately downgradient of Wait Road and preventing VOCs from
exceeding MCLs at the sentry wells, A total of 87,900 pounds of HRC-X product is assumed to be
injected into the injection well array per event by a licensed contractor. This total includes an assumed
35,100 pounds at the Wait Road zone and 52,800 pounds at the railroad track zone pet injection event.
The higher mass at the downgradient zone is considered necessary to overcome the naturally aerobic
conditions present at this location. The mass estimate was determined using proprietary software from
Regenesis and a printout is provided in Appendix D.1. It is estimated that one injection would be
necessary every 3 years over a 16-year period of performance. Costing for this alternative is located in
Appendix D, Table D-2.

4,5,1.2 Alternative 3.B: Addition of HRC-X and QORC

This scenario would involve treating the more anaerobic zone near Watt Road with HRC-X and the more
aerobic portion of the aquifer west of the Southern Pacific Railroad tracks with ORC. One HRC-X
injection zone would be placed along the width of the paleochannel on the west side of Watt Road, as
shown on Figure 4-1. The injection well barrier at Watt Road would utilize the three existing wells from
the treatability study, with the installation of ap estimated 12 additional injection wells using sonic
drilling technology for the purpose of facilitating HRC-X injection into the saturated zone.
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Based on geochemical data for the area downgradient of the Southern Pacific Railroad Tracks, subsurface
aquifer conditions appeat conducive to oxidative treatment. The IRZ in this area would consist of
injecting ORC slurry along the width of the paleochannel on the west side of the Southern Pacific
Railroad Tracks, as shown on Figure 4-2. Because in-sifu oxidation has not been identified as an
effective remedy for Site 13C, an initial bench scale pilot test would be performed before full-scale
implementation. Using a spacing of 10 feet, an estimated 15 injection borings would be drilled using
sonic drilling technology. The ORC slurry would be injected into the saturated zone in this area. Injection
wells are not specified for ORC since it forms an insoluble oxide and may lead to well clogging after
injection. A total of 35,100 pounds of HRC-X and 1,575 pounds of ORC product are assumed to be
injected by a licensed contractor. The basis for the mass estimate was determined using proprietary
software from Regenesis, and the spreadsheet is provided in Appendix D. An additional 5 monitoring
wells would be installed to permit monitoring of aquifer conditions in the vicinity of the HRC-X and
ORC injection locations. It is estimated that the injection of HRC-X would occur every 3 years and the
injection of ORC would occur every 2 years. Costing for this alternative is located in Appendix D.2 and
Table D-3.

4.5.1.3 Alternative 3.C: Diffusive Oxygen and Hydrogen Emitters (iSOC)

This scenario would involve treating the aquifer with 99.6 percent pure oxygen gas and hydrogen gas,
which would be delivered via diffusive gas emitters. For Site 13C, this system would deliver dissolved
oxygen for aerobic biodegradation (aerobic respiration) downgradient of the Southern Pacific Railroad
tracks, where the subsurface aquifer conditions appear conducive to oxidative treatment. Dissolved
hydrogen for anaercbic biodegradation (e.g . reductive dechlorination of chlorinated solvents) would be
applied along the width of the paleochannel on the west side of Watt Road

The iSOC is a microporous, hollow-fiber membrane mass transfer device that is inserted into existing
groundwater wells. The hollow fiber material is hydrophobic and provides the large swrface area
necessaty to accomplish mass transfer. The unit is set into an existing well and pressurized to just equal
the hydrostatic pressure, such that only a diffusive (ie, not an advective) gradient is established. This
approach tesults in supetsaturation of the water column within the well with the delivered gas. Natural
groundwater flow is relied upon to advectively camry the gas-enriched groundwater downgradient to a
targeted treatment zone. Because of the reliance upon natural groundwater flow, a closer well spacing is
generally required.

Costs associated with this technology would include procurement of the individual delivery systers, in
addition to periodic monitoring and replacement of high-pressure gas cylinders. Costing for this
alternative is located in Appendix .3, Table D-4.

4,51.4 Alternative 3.D: Addition of Soybean Oil

This scenario involves the application of food grade emulsified soybean oil (ESO), via injection wells into
the aquifer. Naturally occurring microorganisms would utilize the soybean oil as a carbon and energy
source to produce hydrogen necessary for reductive dechlorination. A diluted soybean oil emulsion has
fow viscosity, which allows a greater volume of substrate to be applied in a shorter period of time, thus
increasing the radius of influence. Soybean oil has been successfully applied as a reactive barrier at other
sites, This alternative may not be effective at the downgradient IRZ due to subsurface acrobic conditions.
Because ambient groundwater conditions in the downgradient aquifer are semi-aerobic, this alternative
will require large quantities of ESO to be injected, and may require a longer total treatment duration.
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If implemented, it is expected that reinjection of soybean oil would occur every 4 years. One soybean oil
injection zone would be placed along the width of the paleochannel on the west side of Wait Road, as
shown on Figure 4-1. The injection well barrier would utilize the 3 existing wells from the treatability
study, and the 12 additional injection wells proposed in this EE/CA  An injection well would be
completed at each location for the purpose of facilitating soybean oil injection into the saturated zone.
Another soybean oil injection zone consisting of 15 wells spaced at 10-foot intervals would be placed in
the downgradient location, along the width of the paleochannel on the west side of the Southern Pacific
Railroad tracks, as shown on Figure 4-2. It should be noted Alternative 3 D may not be effective due to
semi-acrobic subsurface conditions. An additional 5 monitoring wells would be installed to support
process monitoring over the duration of the removal action progiam. Costing for this alternative is
located in Appendix D.4 and Table D-5.

4.5.1.5 Alternative 3.E: Diffusive Oxygen Emitters and Soybean Oil

This scenario would involve treating the aquifer with a dual technology approach. The Watt Road
(Figure 4-1) area would be treated with soybean oil via injection wells into the aquifer Naturally
occurzing microorganisms would utilize the soybean oil as a carbon and energy source for reductive
dechlorination. A diluted soybean oil emulsion has low viscosity, which allows a greater volume of
substrate to be applied in a shorter period of time, thus increasing the radius of influence. Soybean oil has
been successfully applied as a reactive bartier. It is expected that reinjection of soybean oil would occur
every 4 yeats. The injection well barrier would utilize the 3 existing wells from the treatability study, and
up to 12 additional injection wells. The injection wells would be installed in separate drilling phases.
The first phase of drilling would provide a total of six new injection wells, three injection wells spaced at
20-foot intervals on each side of existing injection wells 14-INJ-5/6 and 14-INJ-1/2. Soybean oil
injection would then proceed within this initial injection well field of 9 wells. Based on subsequent
review of monitoring data, if additional injection wells were found to be necessaty to complete the
integrity of the barrier, installation of the remaining 6 wells would ensue followed by injection of soybean
oil into the newly installed wells. An injection well would be completed at each location to facilitate
injection of ESO into the saturated zone.

The downgradient Southern Pacific Railroad tracks location would be treated with 99 6 percent purity
oxygen gas delivered via diffusive gas emitters. For Site 13C, this system would deliver dissolved
oxygen for aerobic biodegradation (aerobic respiration), whete the subsurface aquifer conditions appear
conducive to aerobic treatment. The iSOC is a microporous, hollow-fiber membrane mass transfer device
that is inserted into existing groundwater wells. The hollow-fiber material is hydrophobic and provides
the large surface arca necessary to accomplish mass transfer The unit is set into an existing well and
pressutized to just equal the hydrostatic pressure such that only a diffusive (i e., not an advective) gradient
is established. This approach results in supersaturation of the water column within the well with the
_ delivered gas Natwal groundwater flow is relied upon to advectively carry the gas-enriched groundwater
downgradient to a targeted treatment zone. Costs associated with this technology include procurement of
the individual delivery systems, in addition to periodic monitoring and replacement of high-pressure gas
cylinders.

An additional 5 monitoring wells would be installed to support process monitoring over the duration of
the removal action program. Costing for this alternative is located in Table D-6.
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4.5.2 Comparison of In-Situ Bioremediation Technologies

Five in-situ bioremediation approaches (Appendix D) were screened according to their perceived
effectiveness in remediation of trans-1,2-DCE, cis-1,2-DCE, and vinyl chloride. All options are expected
to achieve the objectives of the IRA for Site 13C, though implementation differs among the technology
types, and this will affect estimated costs. A 1anking of the five approaches with respect to cost,
implementability, and duration is provided in Table 4-2. Diffusive oxygen and hydrogen emitters
(Alternative 3C) require relatively frequent adjustment of delivery pressures and the change-out of gas
cylinders at the site. This would require field staff to visit the site multiple times each quarter; presenting
a modest increase in field labor, which would be offset by lower capital cost. Although oxygen emitter
technologies have been shown to be successful at Vandenberg AFB (ie, IRP Site 60), hydrogen gas
introduction remains a relatively new technology, and its record of successful implementation is
somewhat limited compared to that for treatment technologies.

Compared to diffusion systems, injected treatments such as HRC-X, ORC, and soybean oil require less
frequent O&M oversight. HRC-X, ORC, and soybean oil technologies would require periodic injection:
3 years for HRC-X, 2 years for ORC, and 4 years for soybean oil. For injection, HRC-X must be heated
to decrease its viscosity. Based on vendor estimates, approximately 1,200 pounds of HRC-X could be
injected in one field day. Therefore, since it is estimated that approximately 87,900 pounds of HRC-X
would be necessary for Alternative 3.A, approximately 74 days would be required for injection. ORC can
be injected at a 1ate of 1,800 pounds per day. It is expected that for Alternative 3 B, injection of both the
HRC-X and ORC would require 30 days. Since ORC forms an insoluble oxide after releasing oxygen to
the subsutface, it may clog wells after one or more injections. Therefore, costs for ORC injection include
drilling to depth to facilitate injection into open borings.

Table 4-2

In-Situ Bioremediation Ranking Summary

Project Total
In-Situ Bioremediation Alernatives Cost - Implementability Duration Rank
Alternative 3 A: HRC-X 0 3 3 6
Alternative 3 B: HRC-X and ORC 1 3 3 7
Alternative 3.C: iSOC Instaliation 2 3 3 8
Alternative 3 D: Soybean Qil Injection 2 3 3 8
Alternative 3 E: iSOC and Soybean Oit 3 3 3 9

Notes: 1 The number 0 indicates the least desirable rank; 3 denotes the highest
2. Costs based on present worth analysis are summarized in Table 4-1 and detailed in Appendix D
3. Project duration (period of peiformance) estimated to be 16 years
i8OC — In-situ Submerged Oxygen Curtain
JRA - interim removal action
HRC - Hydrogen Release Compound
HRC-X - Hydrogen Release Compound, Extended Release Formula
ORC - Oxygen Release Compound

Of the three liquid substrates evaluated, soybean oil is considered the easiest to inject. It provides a long-
lasting hydrogen source, and, due to its low viscosity, it can be injected at a rate of 1,800 pounds per day.
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Based on the dose of 4,848 pounds of soybean oil required at both sites, it is estimated that 3 days will be
required for injection. Soybean oil will disperse in the aquifer and is not expected to cause fouling of any
of the injection wells, allowing them to be used again. Soybean oil has the longest time between
injections: 4 years. In addition, soybean oil yields an estimated 14 hydrogen ions, compared to 12 for
HRC-X, and its cost may be as much as an order of magnitude lower than the cost of HRC-X. Based on
the evaluation of effectiveness, implementability, and cost, soybean oil ranks as the most appropriate
injection substrate for use in the Site 13C IRA.

Tetra Tech completed a treatability study that was initiated in fall 2003 (Appendix A). The objective of
this study was to provide sufficient data on the use of a hydrogen release compound, HRC-X, to facilitate
anaerobic degradation of trams-1,2-DCE, ¢is-1,2-DCE, and vinyl chloride in groundwater near Watt
Road. As discussed in Section 2.24 and Appendix A, the treatability study proved to be successful in
enhancing anaerobic degradation of ¢is-1,2-DCE completely through the ethene. Based on acceptance of
use of this technology at Site 13C, previous research has shown that both soybean oil and HRC-X are
appropriate substrates for contaminant degradation. Since soybean oil produces more hydrogen ions than
HRC-X, is less expensive, and is easier to inject, Tetra Tech recommends soybean oil as the preferred
substrate for enhancement of in-situ anaerobic biodegradation at Watt Road. Since HRC-X and soybean
oil are similar technologies, Tetra Tech does not anticipate a negative interaction between the HRC-X
injected for the treatability study and soybean oil recommended for injection in the IRA.

At the western margin of the Southern Pacific Railtoad tracks, groundwater conditions range from
slightly anaerobic near the bottom of the paleochannel (well 14-MW-6) to slightly aerobic in the upper
aquifer (well 14-MW-7). Use of an oxygenation technology in this area of the paleochannel is favored
over a reduction approach. Based on comparison of costs to inject ORC via borings versus introducing
pure oxygen via iSOC diffusive emitters into the well array, capital and long-term costs for the iSOC
approach would be much lower. Based on the selection criteria discussed herein, Alternative 3.E, which
combines an electron donor (i.e, soybean oil) approach to promote reductive dechlorination at Watt
Road, with an electron acceptor (ie., oxygen) to promote aerobic degradation in the downgradient
paleochannel is the selected alternative. The proposed schedule scope methods and strategy of
deployment of Alternative 3 are presented in Section 5.

In order to prevent use of Site 13C groundwater containing chemicals above diinking water standards as a
potable water source before or during remediation, institutional controls will be necessary in accordance
with California Health and Safety Code Sections 25260 and 25222 1. The final remedy for Site 13C will
be documented in the Feasibility Study/Remedial Action Plan.
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5.0

51

RECOMMENDED INTERIM REMOVAL ACTION

SCOPE

The recommended removal action scope incorporates a dual-technology remediation system. At Watt
Road, injection wells will be installed and soybean oil will be injected into up to 15 locations consisting
of 3 existing wells and 12 new injection wells, along the width of the paleochannel to create an in-situ
reactive zone for reductive dechlorination of cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride At the
Southern Pacific Railroad tracks, 15 additional wells will be installed, and diffusive oxygen emitters will
be installed in each well to facilitate aerobic biodegradation

Following are the specific recommended activities:

52

Install groundwater injection/emitter wells near Watt Road and the Southern Pacific
Railroad tracks

Install groundwater monitoring wells to accommodate monitoring of the IRA near Watt
Road and the Southern Pacific Railroad Tracks Survey and develop the wells

Propeily dispose of all investigation-derived waste.

Conduct baseline monitoring.

Inject soybean oil in up to 12 wells at the Watt Road location

Install up to 15 diffusive oxygen emitters at the Southern Pacific Railroad track tocation.
Conduct quarterly post-injection monitoring.

Inject soybean oil every 4 years, or as needed.

Replace oxygen cylinders every 2 mouths, o1 as needed.

Operate soybean oil system for up to 16 years.

Operate diffusive oxygen emitter system for up to 6 years.

Prepare and submit progress 1eports, as required.

PRELIMINARY SCHEDULE

The tentative schedule for this removal action is shown in lable 5-1. This schedule is contingent on the
following factors;

Obtaining timely regulatory approval of the EE/CA;
Adequate funding and contracting availability; and

Achievement of removal action goals within the anticipated period of peiformance.
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The regulatory agencies will be provided an opportunity to review and approve the Draft IRA Work Plan
ptior to its inclusion in the Final EE/CA. All field work will comply with the Handbook to Support the
IRP Statements of Work, Volume [, Remedial Investigation/Feasibility Study (U S. Air Force 1993) and

the Basewide Sampling and Analysis Plan (U S Air Foice 2003)
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7.0 ACRONYMS AND ABBREVIATIONS

13C 13 Cluster

ABRES-A Advanced Ballistic Re-Entry Systems-A
AFB Air Force Base

AOC area of concern

ARAR Applicable or Relevant and Appropriate Requirements
Battelle Battelle Corporation

BGMP Basewide Groundwater Monitoring Program
bgs below ground surface

Cal/EPA California Environmental Protection Agency
CCR California Code of Regulations

CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CFR Code of Federal Regulations

COPC chemical of potential concern

CSM conceptual site model

DCE dichloroethene

DNAPL dense non-aqueous phase liquid

DO dissolved oxygen

DTSC Department of Toxic Substances Control
ESO emulsified soybean oil

EE/CA engineering evaluation/cost analysis

ERA Environmental Risk Assessment

ES Feasibility Study

feet/day feet per day

HI Hazard Index

HQ Hazard Quotient

HRC Hydrogen Release Compound

HRC-X Hydrogen Release Compound, Extended Release Formmla
IRA interim removal action

IRP Installation Restoration Program

IRZ in-situ reactive zone

ISCO in-situ chemical oxidation

iSOC In-situ Submerged Oxygen Curtain

JEG Tacobs Engineering Group

MCL maximum contaminant level

g/l micrograms pet liter

mg/L milligrams per liter

Draft Final Site 13 Cluster EE/CA 7-1 <8ec 07 doc>



MNA
M1I3D

NEESC
NCP

O&M
ORC
ORP

RA-C
RCRA
Regenesis
Reynolds
RI

RP-1
RI3D
RWQCB

SAIC
SWRCB

Tetra Tech
ICE
TICLP
UST

US EPA
USGS

vOoC
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Moenitored Natural Attenuation
Modular Thiee Dimensional Transport Model

Naval Facilities Engineering Services Center

National Oil and Hazardous Substance Pollution Contingency Plan

operation and maintenance
Oxygen Release Compound
oxidation/reduction potential

Remedial Action-Construction

Resource Conservation and Recovery Act

Regenesis, Inc.

Reynolds, Smith, and Hill, Inc.

Remedial Investigation

Rocket Propellant-1

Multi-Species Reactive Transport Simulation Software
Regional Water Quality Control Board

Science Applications International Corporation
State Water Resources Control Board

Tetra Tech, Inc

trichloroethene

Toxics Characteristics Leaching Procedure
underground storage tank

United States Environmental Protection Agency
United States Geological Survey

volatile organic compound
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Table 5-1

Schedule for Interim Removal Action at Site 13 Cluster

Item Activity Anticipated Start Date | Completion Date
i Vandenberg AFB review of Preliminary Draft Tune 24, 2004 September 23, 2004
EE/CA
2 Draft EE/CA preparation September 23, 2004 October 15, 2004
3 Regulatory review Draft EEACA by DTSC and October 15, 2004 Tanuary, 14 2005
RWQCB
Prepare Response to Regulatory Comments January, 14 2005 February 25, 2005
5 Preparation of Draft Final EE/CA and Preliminary March 1, 2005 March 7, 2005
Draft 13C IRA Work Plan
Review by Vandenberg AFB March 7, 20035 March 21, 2005
Submit Draft Final EE/CA (1) with Draft IRA April 12, 2005 April 12, 2005
Wotk Plan to DTSC & RWQCB
8 Regulatory review by DTSC and RWQCB April 12, 2005 May 11, 2005
9 Respond to regulatory comments on Draft Final May 11, 2005 May 16, 2005
EE/CA and Draft IRA Wortk Plan
10 Receive regulatory concurrence with responses May 20, 2005 May 20, 2005
11 Vandenberg AFB publishes Notice of Availability May 23, 2005 June 23, 2005
of Public Draft EE/CA in the administrative record
and a brief description of the Public Draft EE/CA
in major local newspapers, and public notice of
CEQA documents — Public Participation Period
12 EE/CA Final with Public Response, Attach Public Tune 27, 2005 July 1, 2005
Response to EE/CA, Send Final EE/CA to
Administrative Record
13 Initiate TRA Tuly 1, 2005 TBD
14 Preparation of final IRA Closure Letter Report TBD TBD
Definitions:

DTSC - Department of Toxic Substances Control
EE/CA - engineering evaluation/cost analysis
IRA - interim removal action
RWQCB - Regional Water Quality Control Board
TBD ~ to be determined

Note:

(1) The State regulatory agencies will be provided an opportunity to review and approve the Draft IRA Work

Plan prior to its inclusion in the Final EE/CA
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TETRA TECH, INC.

4212 Stata Skrest, Suite 100

Santa Barbara, California $3110-2847
Telephona (805) 681-3100

Fax {805)621-3108

e-mail tsba@istratech com

10 February 2005

Ms. Kathleen Gerber
Department of the Air Force
AFCEFE/ICS

806 13th Street, Suite 116
Vandenberg AFB, CA 93437

Subject; Groundwater Treatability Stady Report for Site 13 Cluster, Vandenberg Air Force Base
(APB), California

Reference: a) Contract No. F11623-94-D-0027, Task Order RL 41
b) Final Groundwater Ireatability Study Work Plan for Site 13 Cluster, May 2003

Dear Ms. Gerber:

With this letter, Tetra Tech, Inc is submitting results of groundwater monitoring to support the
groundwater treatability study at Site 13 Cluster The groundwater treatability study was designed to
assess the effect of injecting an electron donor into the saturated zone to enhance the development of
reducing (anaerobic) conditions to support reductive dechlorination of chlorinated solvents, primarily cis-
1,2-DCE, present in groundwater at the head of the paleochannel at Site 13, near Watt Road (Figure 1).
The selected electron donor consisted of Hydrogen Release Compound, Extended Release Formula
(HRC-X), and Primer, both products manufactured by Regenesis. These products are designed to degrade
and slowly 1elease hydrogen to suppott a biologically mediated reductive dechlorination process over a
period of up to 3 to 4 years.

The field activities and sampling and analytical methodologies were performed in accordance with the
Final Groundwater Treatability Study Work Plan [work plan] (Reference b) The treatability study
encompassed diilling and well installation activities, groundwater monitoring for monitored natural
attenuation (MNA) and metabolic acid breakdown products, and substrate injection A surnmary of the
methods and results of the treatability study are discussed below.

METHODS

Drilling activities for the treatability study occurred in two mobilizations: 30 July 2003 to 5 August 2003
and 15 October 2003 to 29 October 2003. Wells 14-MW-9, 14-INJ-5, and 14-INT-6 were drilled using
the hollow-stem-auger (HSA) method during the first mobilization Injection wells 14-INT-5 and 14-INJ-
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6 were installed as nested wells within a single borehole Difficulties with heaving sands below the water
table realized during HSA drilling mandated a change in drilling method for the remaining wells. During
the second mobilization, monitoring well 14-MW-10 and injection wells 14-INJ-1,14-INJ-2, 14-INJ-3,
and 14-INT-4 were installed using sonic drilling technology Wells 14-INJ-1 and 14-INJ-2, and 14-INJ-3
and 14-INJ-4 were installed as nested injection well pairs within a single borehole. Monitoring well
construction details are summarized in Table 1. Injection well and monitoring well construction details
are also shown on boring logs included in Appendix A.

Sample recovery using the HSA method was limited, especially in saturated sediments due to the
presence of heaving sands Sample recovery using the sonic drilling method, however, yielded nearly
complete recovery, allowing a thorough examination of sediments in the treatment zone. Based on
drilling cuttings observed during the well installation program, the paleochannel subsurface consists of a
relatively uniform sequence of poorly graded dune sands and alluvial deposits from grade to about 115
feet bgs  Groundwater occurs at approximately 90 feet bgs. Below a depth of about 115 feet bgs, sands
were intetbedded with discontinuous, thin clay lenses, silty sand beds, and organic peat and clay beds
(Appendix A) The Montetey Shale Formation, located at approximately 150 feet bgs, detines the lower
boundary of the aquifer

Injection wells 14-INTJ-1, 14-INJ-3, and 14-INJ-5 were each screened acioss the upper aquifer (e g.
approximately 90 to 115-feet below ground swface [bgs]), while injection wells 14-INJ-2 and 14-INJ-4
are screened across the lower aquifer (e g. approximately 125 to 150-feet bgs). Due to cherty, organic
clays encountered at 129-feet bgs in the boring for 14-INT-6, which were interpreted to indicate proximity
1o an uppet weathered bedrock suiface at this location, a shallower screen was set from 121 to 131-feet
bgs (Appendix A). Monitoring well 14-MW-9 was screened to monitor the shallow injection zone, while
wells 14-MW-2, 14-MW-3, and 14-MW-10 are cach screened across the deeper aquifer (Table 1).
Monitoring well 14-MW-3 is positioned approximately 10 feet downgradient of the injection well array,
well 14-MW-9 approximately 20-feet, and well 14-MW-10 approximately 35 feet downgradient from the
injection well array (Figure 1). Monitoring well 14-MW-2, located approximately 440 feet east and
hydraulically upgradient from the injection well array, is the upgradient monitoring well for the
treatability study.

Following installation, monitoring wells were developed in accordance with the work plan. Injection
wells wete developed using a decontaminated submersible pump All wells were later surveyed by a
State licensed surveyor in accordance with the work plan. Investigative derived waste soils were placed
in roll-off bins, and following soil characterization, the soils were disposed of at Vandenberg AFB
sanitary landfill  All decontamination and purge waters were collected onsite and ultimately were
transported and disposed of at the Industrial Wastewater Treatment Plant.

An initial baseline monitoring event was conducted on 10 November 2003. Injection of HRC-X and
Primer was conducted on 11 through 12 November 2003 into injection wells 14-INJ-1 through 14-INJ-6.
Mixing and injection of Regenesis products was completed as described in the wotk plan. A well packer
was used to isolate portions of each injection well during the injection process. Post-injection monitoring
events were conducted ai intervals of 10-days, 1 month, 2 months, 3 months, 6 months, and 9 months
following injection. All Investigative Derived Waste and purge waters were containerized

RESULTS

Elevations above mean sea level for groundwater and ABRES-A Lake are provided in Table 1. A
groundwater contour map, showing elevations measured during the summer 2004 Basewide Groundwater

2.
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Monitoring Program (BGMP), is provided as Figure 2. Groundwater flows through the treatment zone to
the northwest at a gradient of 0 008 fi/ft. As shown on Table 1, the water level of ABRES-A Lake has
significantly dropped during the past six months, which has likely affected the volume of groundwater
moving through the treatment zone Seasonal (1 e late fall) declines in lake level have been documented
at Site 13 Cluster for many vears.

A compilation of the volume of electron donor products including HRC-X and Primer (a lactic acid
product) injected into the six well array is provided in Table 2. In total, 357 pounds of Primer was
injected, along with 2,332 pounds of HRC-X (diluted with approximately 50% water) into the well array

Table 3 summarizes concentraiions of trichloroethene (ICE), dichloroethene (DCE) isomets, vinyl
chloride, and ethene detected in groundwater samples from monitoring wells 14-MW-2, 14-MW-3,
14-MW-9, and 14-MW-10 before and after HRC-X and Primer injection over the 9-month monitoring
duration. The calculated relative percentage change for these key VOC concentrations between the
baseline and the 9-month sampling round is also provided on Table 3.

Iable 4 presents a complete list of the validated volatile organic compound (VOC) data for the treatability
study monitoring wells The change in concentrations of TCE, DCE isomers, vinyl chloride, and ethene
since HRC-X and Primer injection are provided in graphical form as Figures 3 through 7, using molat
equivalents. Historical analytical results for monitoring wells 14-MW-2 and 14-MW-3 associated with
the BGMP prior to the treatability study are included on these graphs for reference of historic
concenttrations  Historic monitoring of groundwater in wells 14-MW-2 and 14-MW-3 document elevated
concentrations of primarity cis-1,2-DCE in the deeper aquifer (Figures 3 and 4, respectively) Monitoring
data from shallow zone well 14-MW-9 documents much lower VOC concentrations in groundwater in the
shalow zone (Figure 5). Monitoting data from deep zone well 14-MW-10, located 35 feet downgradient
from the injection wells, also documents a trend of declining VOC concentrations in all species over the
9-month duzation of this treatability study. Total VOC contaminant concentrations expressed in molar
equivalents from wells 14-MW-2 and 14-MW-3 are shown on Figure 7.

Table 5 provides laboratory analysis results for metabolic acids. These are the breakdown products of
HRC-X and Primer and are an indication of the dissolution and metabolic utilization of the HRC-X and
Primer products Table 6 summarizes analytical results of water quality parameters. These include
dissolved oxygen (DO), total sulfide, methane and ethene concenirations, oxidation/reduction potential
(ORP), and alkalinity In addition to the treatability study wells, these parameters are also included for
well 13-MW-8, which is located upgradient of ABRES-A Lake Figutes 8, 9, and 10 present alkalinity,
methane, and total sulfide concentrations measured in groundwater over the course of the treatability
study.

DISCUSSION

The 9-month sampling results provide sevetal strong indications that the treatability study achieved the
desired 1esults of creating a reductive aquifer environment and facilitating the destruction of c¢is-1,2-DCE
in groundwater completely through to ethene, without a demonstrated buildup of vinyl chloride in the
treatment zone above historically detected levels. The indications include key water quality parameters
confirming aquifer changes, presence of metabolic acids confirming product breakdown, and VOC data
confirming targeted contaminant concentration reductions.

Water quality parameters including low DO, negative ORP values, as well as increasing alkalinity,
methane, and total sulfide concentrations are consistent with an interpretation of sustained reducing
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conditions in the treatment zone (Figures § through 10, respectively) In addition, the breakdown
products of HRC-X and Primer (eg, lactic, propionic, and acetic acids) have been detected in
downgradient wells 14-MW-3, 14-MW-9 and 14-MW-10 Increased detectable concentrations of
metabolic acids in the groundwater indicate continued breakdown of HRC-X and Primer in the injection
zone.

The concentration of ¢is-1,2-DCE in well 14-MW-3 has decreased from 204 ug/L to 59 pg/L (71%), its
current historic low, since HRC-X and Primer injection during November 2003. By contrast, in
upgradient well 14-MW-2, ¢is-1,2-DCE declined from a baseline concentration of 288 pg/L to only 260
ug/L during the 9-month event, an 11% decline In addition, ethene was reported at a concentration of 18
pg/L in well 14-MW-3 during this 9-month event; ethene was not detected previously at this sample
location. Detection of ethene in the treatinent zone is confirmation of complete dechlorination of cis-1,2-
DCE through vinyl chloride. Based on molar equivalents of DCE and ethene, approximately 62 pg/L of
DCE will degrade to 18 pg/L of ethene. Vinyl chloride concentrations are an order of magnitude less than
DCE concentrations and are not indicating a buildup above the range of concentrations historically
detected in wells 14-MW-2 and 14-MW-3 (see Figures 3 and 4, 1espectively).

In deep zone well 14-MW-10, the concentration of ¢is-1,2-DCE has decreased from 289 ug/L to 110 pg/L
(62%), also at a historic low, since HRC-X and Primer injection during November 2003  Changes in
concentration in well 14-MW-9 are of lower magnitude given the existing low concentrations of VOCs
teported in the shallow zone.

Despite the relatively elevated concentrations of sulfate (an alternate electron acceptor that is
conventionally believed to compete with the reductive dechlorination process) in upgradient and
treatment zone wells at concentrations in the range of 200 mg/L, its persistence does not appear to be
hindering the reductive dechlorination process. Also, the treatment zone is demonstrating the ability to
accommodate destruction of a continuing c¢is-1,2-DCE source flowing into the treatment zone without
introduction of non-native bacteria (i e. no bioaugmentation).

Ongoing monitoting of the treatability study wells is scheduled to continue through the BGMP. Tt is
expected that the favorable data trends presented in this memorandum will continue to be documented in
subsequent monitoring events, given the slow release nature of the electron donor injected into the
treatment zone.

CLOSING

HRC-X is a slow release formulation reportedly designed to last up to 3 to 4 years following injection
into a groundwater system. Results through this 9-month event demonstrate favorable data trends with
respect to sustained reducing conditions, continued breakdown and declining concentrations of targeted
VOCs above background. The objectives of the treatability study are considered to have been met at this
time The treatability study wells will continue to be monitored quarterly as part of the BGMP, serving to
document the continuation of the favorable data trends. An Engineeting Evaluation/Cost Analysis
(EE/CA) is currently in preparation that specifies an Interim Removal Action (IRA) to address cleanup of
VOCs in groundwater in the paleochannel aquifer. Based in part on the favorable results of this
treatability study, the technology selected in the EE/CA is an electron donor apptoach without
bioaugmentation, similar to that used in this treatability study. The evaluation of results of the treatability
study will also be incorporated into the Site 13 Cluster Feasibility Study, which is cutrently in
preparation.
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It you have any questions please contact the undersigned by telephone at (805) 681-3100, by facsirmile at
(805) 681-3108, or by e-mail at david.springer@tetiatech.com or dave.fenity@tetratech.com.

Sincerely,
TEIRA TECH, INC. TETRA TECH, INC.
-7 : / / Y?“;
. s b <
X

Dave Fenity
Staff Geologist

David Springer, R G. 6962
Principal Hydrogeologist

DS/DF

Distribution:
Meece, W. (RWQCB)
Than, Q (D1SC)
Keith, T (AFCEL/ERD)
Kephait, B. (VAFB-IRP)
Nathe, C. (VAFB-IRP)
Parsons, F. (Tetia Tech)
McNamata, K. (Letra Tech)
Site 13 Cluster File
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Tetra Tech, Inc.

4213 State Strect, Suite 100

Santa Barbara, CA 93110-2847

VOICE (805) 681-3100 FAX (805) 681-3108

Log of Well No. 14-MW-9

Project. Vandenberg Air Force Base

Location: QUA4, Site 14, approximately 890 ft southwest
of Building 1794, west of Watt Road.

2 Started: 7/30/03 Completed: 8/1/03

4" PVC Blark Casing:  from

0 ftbgsto 98 ftbgs

Logged By: S Serratore Checked By: D Springer, R G.

4" Screening Casing:  from

98 ftbgsto 118 fibgs

Drilled By:  Ramon Zereda, BC2 Environmentai%/gp‘

X s 2

Bentonite/Cement Grout:  from

0 fibgsto 91 ftbgs

Drilling Equipment:  CME 95, 13" HSA

Bentonite Trapsitional Seal:  from

9] fibgsto 96 fibgs

Sampling Equipment.  2"ID Split Spoon

Sand Filter Pack:  from

96 fibgsto 120 ft bgs

15 |—

20,

"

TC Number: A250-48

GS Elev : 130 it above MSL ID: 1501t TOC Rlev: 132 82 ft above MSL
£8 EERER Conﬁéﬁon 2| 585 85|28
g MATERIAL DESCRIPTION 5g |55 Mond El 285|858 182 | mEmarks
& S |57 b AL
sand, dark yellowish brown (10YR 3/6), fine to medium- " s 0.3/ | Start drilling 0751.
. | erained, subrounded, loose, dry, dune sand S 02 | PID readings taken
' from ambient
2 e borehole. Soit
. logged using
cuttings,
5 ——
10 |— | yellowish brown (10YR 3/6), dense, slightly moist. : 02/
1 02

IETRA TECH, INC.

90 ft bgs. W Groundwater depth during drilting 90 81 ft bgs. 32 Groundwater depth aﬂerwe}_l development on: 11/05/03

Pagel of 7
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TETRA IECH, INC.

TC Number: A250-48




Tetra Tech, Inc.

4213 State Street, Suite 100

Santa Barbara, CA 93110-2847

VOICE (805) 681-3100 FAX {805)681-3108

Project: Vandenberg Air Force Base
Logof WellNo  14-MW-9

Location: OU4, Site 14, approximately 890 ff southwest

of Building 1794, west of Watt Road.

MATERIAL DESCRIPITON

De
(fi. bg.,

PID (ppm)

Amb/Smp

REMARKS

=
h

sand, dark yellowish brown (10YR 4/4), fine to medium-
grained, subrounded, dense, slightly moist, dune sand

50 |-

35—

60 |[—

65—

.+~ [Material
- "% Symbel

R

G2

N

N

N

>

AN

-

7

=

.

2

&%

¥

\v
7

.,\\
.

N

""""""

N

’v

WS
)

=
)

2D

Y

N

2

AR

>

N

o

N

oy

2

10" auger at 11:30.
Drilling started at
6% on 7/31/03.
Redhrilled borehole,

Begin drilling with a

TC Number: A25¢-48

TETRA TECH, INC.

Page3 of 7
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PID (ppm)
Amb/Smp

REMARKS

01/

Tetra Tech, Inc. Project: Vandenberg Air Force Base
4213 State Street, Suite 100 Log of Well No.  14-MW-9
Santa Barbara, CA 93110-2847 - -
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 890 ft southwest
of Building 1794, west of Watt Road.
28 MATERIAL DESCRIPTION Bg |8 |Commctioni e BES 1 B2
o Sa §*“ APoa|ag
70 sand, dark yellowish brown (10YR 4/4), fine to medium- -+f SP
grained, subrounded, dense, slightly moist, dune sand.
75 o
80
85
i
05— brown (10YR 4/3), wet, some silt.
95

A8 plot? LZ0/04 samh

Page 4 of 7

TC Number A250-48

TETRA TECH, INC.

" RiBoring LoghWa, .




Tetra Tech, Inc. Project:  Vandenberg Air Force Base
4213 State Street, Suite 100 Logof WellNo  14-MW-9
Santa Barbara, CA 93110-2847 2 : . S
VOICE (805) 681-3100 FAX (805)681-3108 Location: OU4, Site 14, approximately 890 ft. southwest
of Building 1794, west of Wait Road.
2@ ECRIE enl2lsn [282g
52 MATERIAL DESCRIPTION §E 54 Conshiction | & BE2 |82 84| ReMaARKs
R j § Qu § 3 B
& 27 |2 G fcs g 1A%
95| | sand, brown (10YR 4/3), fine to medium-grained, B E:
— | subrounded, dense, wet, some silt, dune sand .
100{—| datk grayish brown (10YR 4/2) 01
3 01
105 [—
10— Auger locking,
. Switch to 10" auger.
. Continued drilling
B s R at11:35
115— T
120 AN
TC Number: A250-48 TETRA TECH, INC. Page5 of 7

RAHorine TooMWall\ M Weal W1 0f7 1420004 mmk



Tetra Tech, Inc. Project:  Vandenberg Air Force Base
4213 State Street, Suite 100 : Log of Well No ~-MW -
Santa Barbara, CA 93110-2847 14. 4 : .
VOICE (805) 681-3100 FAX (305) 681-3108 Location: OU4, Site 14, approximately 890 ft. southwest
of Building 1794, west of Watt Road. ;
- eI Well Ty R N
8 MATERIAL DESCRIPIION §2 | 58 | Constriction HE Ee 188184 remarks
Ag Iz |55 3|m58155 a3
120 sand, dark grayish brown (10YR 4/2), fine to medium- i SP
| grained, subrounded, dense, wet, some silt, dune sand. o
125 - K
B0 =, = = o= o e e e e e -"-':I:"— - .
. Silty sand, very dark grayish brown (10YR 372), fine to HEY 0./
| | medium grained, subrounded, dense, wet. 1 01 .
135—
il
40— | £:
; :
ik %
B SET e
RYER ]
—_ ] k
145 |very dense. , . |_ iy g
TC Number: A250-48 TETRA TECH, INC, Page6 of 7 g




Tetra Tech, Inc Project:  Vandenberg Air Force Base
4213 State Street, Suite 100 Logof WellNo  14-MW-9
Santa Barbara, CA 93110-2847 : : ,
VOICE (805) 681-3100 FAX (805)681-3108 Location: QU4, Site 14, approximately 890 ft southwest
- of Building 1794, west of Watt Road.
] kR ell , 2l . m tm5Bd%
28 MATERIAL DESCRIPTION 58 E & Coniritton g BE° | B |54 | REMARKS
at 25 |35 ettt 1EE
145 Silty sand, very dark grayish brown (10YR 3/2), fine to 1 11] SM
_ | medium grained, subrounded, very dense, wet )
| shale, dark grayish brown (10YR 4/3), hard. Monterey | SHALE
_ Formation.
Bnd drilling at
150 |1 — 2015 on 7/31/03.
155 |—
160 |—-
165 |—
(.
L'y
TC Number: A250-48 TETRA TECH, INC, Page7 of 7
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VANDENBERG AIR FORCE BASE

J

CONSTRUCTION FOR
MONITORING WELL
14-MW-9

Al ALE NO.

@Arp-Restoraliont
U-RISRe100 Trealibity,

: : 14-MW-9

TASK NO.| DATE |DRAWN BY]
A250-48 1 510703 | RANDALL

£s
& N
£ - =0 o
g 35= |2
= =0 x
— =W U <
: 385  biy |
& . 38% 2% | &
2 g gzx  S£3.|B
g £ g 83 2258 &
£ & £ gge Eo¢g (2
& 3 ,rm s 8% g 2T 3x
Yo 35 & = § &30 S85=
v =a 3 < < _
- m.um rr..u. fm %m. n | m.. m %
o 235 . q g2 £ o 2
Yo il e own [=2]
. 83 k 58 | 28 2
T9 _ .
U3 N N A AN B VSN
A SN HREER D ) N
et e ﬂa
e S B N N N N N2 N |
£ 2 ooy
S 5 5 .5 2
= L ol F
= > 8 NS
< R &

148’ bgs Total Depth

Formation
Collapse
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Tetra Tech, Inc.

4213 State Street, Suite 100

Santa Barbara, CA 93110-2847

VOICE (805) 681-3100 FAX (805) 681-3108

-

Log of Well No. 14-MW-10

Project: Vandenberg Air Force Base/13C Treatiblity Study

14-MW-9

Location: QU4, Site 14, 15 feet downgradient of

- .«e Started: 10/15/03 Completed: 10/21/03

4" PVCBank Casing:  from

0 ftbgsto

128

ftbgs

Logged By: D Fenity Checked By: D. Springer, R G.

/
Drilled By: D. Osterberg, Boart Longyear L

4" Screened Casing:  from

129 fibgsto

144

ftbgs

Bentonite/Cement Grout:  from

4 ftbgsto

119

ftbgs

Prilling Equipment:  Sonic 9"/8"

Bentonite Transitional Seal:  from

119 fthgsto

127

ftbgs

Sampling Bquipment:  Sonic Sampler Bit - 5" continous core

Sand Filter Paék:

from

127 ftbgsto

148

ftbgs

G5 Elev.; 130 ft above MSL ID: 148 ft

TOC Elev.: 133.85 ft above MSL

€&

5

MATERIAL DESCRIPTION

De
(fi

Well |
Construction

[m

a
i
RO

Sample
per 6"

Type

Percent
Recovery

PID {ppm)
Amb/Smp

REMARKS

sand, yellowish brown (10YR 5/6), fine to medium-

dune sand.

1¢

fine-grained.

15

slightly moist.

fmn i

20 |

grained, subrounded to subangular, pootly graded, dry, Cor

CIMatenal
.t Symbol
o |Material

=

N

R
72

Tt

=

O
2

N

o

2

2

R
7

2

3

Y

s

7

7R

22

2

Za

R
G

2

N

TR

2%

D

7

N

2%

Y2

72

&R

s,

7

V2

&

4
2

%

23

7z

N\

Y

o

R
2z

%

o

e

7

s

N

2,

R

Y

7

N

2

100 | 6/0

0/0

0/0

0/6

0730 Begin drilling
10/15/03.

PID not functioning
propetly.

TC Number: A250-48

98 ft bgs. ¥ Groundwater depth during drilling 9150 ft. bgs ¥ Gr

oundwater depth after well development on: 11/4/03

Page 10of 7

TEIRA TECH, INC,

R:\Bering Logs\MWells\14-MW-10 p 1 of 7 11/20/03




Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study

4213 State Street, Suite 100 :
Santa Barbara, CA 93110-2847 Log of Well No. 14-MW-10

VOICE (805) 681-3100 FAX (805) 681-3108 Location: QU4, Site 14, 15 feet downgradient of
14-MW-9 {

Percent

z
2
ra

Counts
perb

MATERIAL DESCRIPTION

PID (ppmy)

[*%)
&
o REMARKS
5

Sampte

g [;éi Congtvr%}%:tion

.IMateriall
Symbol

Depth
S (ft Egs)
S [Recovery

4
funy
o

PID not functioning
propetly.

sand, dark yellowish brown (10YR 4/4), fine to medium-| " | SP
grained, subrounded to subangular, poorly graded, [l
slightly moist, dune sand

>

yellowish brown (10YR 5/6)

1 25 |[—| fine-grained

S
K

e

N>
AN

moist.

>
N

N
AN

N
A

30 {—{ trace silt

N

35 |—

N
AN

D

AR

B

SN

N

N

R

Q

no silt.

g
b~
-
"~
g
g
-3
H

TC Number: A250-48 TETRA TECH, INC. Page 20f 7




Z;?tf'g Tegh., msc- 1 Project: Vandenberg Ait Fotce Base/13C Treatiblity Study
3 State Street, Suite 100 Log of Well No, 14-MW-10
Santa Barbara, CA 93110-2847 & - '
VOICE (805) 681-3100 FAX (805) 681-3108 Location: QUY, Site 14, 15 feet downgradient of
14-MW-9
o8 o] W =1 e 85 | B Ec
B MATERIAL DESCRIPTION E’E 8 contfihion g Eg}‘j 820 82|  Remarxs
ag Sa s GITORISE | RE
45 sand, yellowish brown (10YR 5/6), fine to medium- R =1 100 PID not functioning
— | grained, subrounded to subangular, poorly graded, properly.
moist, dune sand.
50 —
| daik yellowish brown (10YR 4/4).
55 || dark yellowish brown (10YR 5/6)
datk yellowish brown (10YR 4/4), trace silt.
60 i —
65 |—
o
TC Number: A250-48 IETRA IECH, INC. ) Page 3 of 7
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Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 State Sireet, Suite 100 LOg of Well No. 14-MW-10
Santa Barbara, CA 93110-2847 : .
VOICE (805) 681-3100 FAX (805) 681-3108 Location: QU4, Site 14, 15 feet downgtadient of J
14-MW-9 {
0w i | a4 - = B
5% R N
B MATERIAL DESCRIPTION 9E |4 & lcondShion 3 EEL g 2| 82|  REMARKS
ng S [ET ol ol LEISE
70 sand, dark yellowish brown (10YR 4/4), fine to medium- | t i) sP 100 PID not functioning
- | grained, subrounded to subangular, poorly graded, e properly.
slightly moist, dune sand. N
75 |-

80 |—| fine-grained.

~ | little silt
85 |-
| yellowish brown (10YR 5/6).
90 [—
_ { v
B moist.
TC Number: A250-48 TETRA TECH, INC. Page 4 of 7

. pdof7 1120008

s,

TABofing Loga Wik



Tetra Tech, Inc. Project; Vandenberg Air Force Base/13C Treatiblity Study
4213 State Street, Suite 100 Log of Well No. 14-MW-10
Santa Barbara, CA 93110-2847 -
VOICE (805) 681-3100 FAX (805) 8313108 Location: QU4, Site 14, 15 feet downgradient of
14-MW-9
) ERRE ol g [+8[EF
3 B =4 5] - ]
B MATERIAL DESCRIPTION E% |2 E: Condiriattion £ 5 5 g 2| 84|  REMARKS
Ag SE S 3885 a5
95 sand, yellowish brown (10YR 5/6), fine to medium- SR 1 4 100 FID not functioning
_ | gtained, subrounded to subangular, poorly graded, . properly.
moist, little sitt, alluvium
wet. f
. h 4 Groundwater en-
) countered at 98 ft
B bgs during drilling
100 |—
105 —
110 |—
115|— g
( ' = Bentonite transition-
-~ S al seal from 119 to
| S 127 feet bes.
TC Number: A250-48 TETRA TECH, INC., ) Page 5 of 7

"AABoNing LogeWWela 4 MA-10 p 5 of 7 1172503




Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 State Street, Suite 100 Log of Well No. 14-MW-10
Santa Barbara, CA 93110-2847 :
VOICE (805} 681-3100 FAX (805) 681-3108 Location: QU4, Site 14, 15 feet downgradient of y
14-MW-9 [
A
o = I L - A
g9 EClfa 2l 8: B g
B2 MATERIAL DESCRIPTION gL |45 Condtriittion A 2 gy g 2| 24| REMARKS
= &= ol S el A B SE
120 san.d, greenish black (2 5 GLEY2 10B), fine fo medium- |- SP 100 PID not functioning
| grained, subrounded, poorly graded, wet, little clay, R propetly.
alluvium ‘
125 | — - ' _ Ll
clay, erganic, bluish black (2.5 GLEY2 2 5/1), stiff to ; ;’ ;’ OH
very stiff, organic odor, trace angular gravel (siltstone [/ 5]
| and chert), alluvium. VS
s
eld
— P R .
rrs 1 |
7] ' AN
— ;s "] S
i _ N
s ‘
- BN
VoL P 4" PVC screened
130 — : 77 : - casing: 129 ft to
sand, greenish black (2 5 GLEY1 2.5/1), fine to medium-| " .| SP | B 1 144 ftbgs.
_. | grained, subrounded, poorly graded, wet, little angular | - = {
gravel, alluvinm. _ UERS .
— | medium grained. - ‘ t; : : o
35| SHENES 5
silty sand, black (7 5 YR 25/1), fine-grained, subrounded,{{{}} SM | .« EE" :
_ |pootly graded, wet, litile angular gravel (siltstone ‘ [ o
<3 cm), alluvium o a
140|— SE e —— i X
- | little clay.
— — : =T 4" PVC Sum: fromk
shale, olive gray (5Y 5/2), weathered Monterey Shale. 144 ft to 157?';1) gs.
TC Number: A250-48 _ _ ~ TETRA TECH, INC. Page 6 of 7

peolT /2003
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Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 State Street, Suijte 100 Log of Well No. 14-MW-10
Santa Barbara, CA 93110-2847 -
VOICE (805) 681-3100 FAX (805) 681-3108 Location: QUA4, Site 14, 15 feet downgradient of
o 14-MW-9
ER ' 2,8 2B Ea
5 B g g
-y MATERIAL DESCRIPTION E"E Eé Constrittion oy ES‘; 55|32 REMARKS
= S |35 il L R SE
145 shale, olive gray (5Y 5/2), weathered Monterey Shale. —_..__ HALE . . 100 PID not functioning
_ - properly.
E——= Bottom of well:
- = 147 ft bgs
— Total depth:
148 {t bgs.
150 [—
155 |—
160 |—
165,—
!
!
IC Number: A250-48 TETRA TECH, INC. Page 7 of 7
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4-inch Diameter SCH 80 PVC
Monitoring Well

Locking Well Cap
3 Guard Posts

Ground Surface

Concrete

O

AN

2

N

z

)

et
=5
)
V)
.
o
@
&
@
3
=
c
Q
ot
=
]
[na]

20-foot Screened
0.01-inch SCH 80 PVC

137 bgs — Bentonite Seal

119" bgs

(screened 129' to 144 feet bgs)

144" bgs 3' SCH 80 PVC Sump

= .II;II-!.!.IMII{'I‘I
= saerr el T een T

N ..*..""u‘

e b
. 0C
Y

B

Filter Pack #2/12 sand

e ERE I
o 25, Ter LT .
At it LT e e,
by -

B w % =
sa TLo0 el Loz
P L T

UNITED STATES AIR FORCE
VANDENBERG Al FORCE BASE

FIGURE NO.

4

CONTRUCTION FOR
MONITORING WELL
14-MW-10

Al FILE NG,
GAYp-Restondion

Nr-RISHet3 TreatbitA, (14-MW-1

3.2-3Problesign 14-MW-5.

DHAWN BY
LOVE

TASKNO.| DATE
A2E0-48 1115103

148' bgs

Pamm—

Total Depth 148 bgs




Tetra Tech, Inc. Project: Vandenbetg Air Force Base/13C Treatiblity Study
4213 State Street, Suite 100 Log of Well No. 14-INJ-1 / 14-INJ-2
Santa Barbara, CA 93110-2847 - - -
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest
) of Bldg. 1794, west of Watt Rd.
- - - A N ) TLTN: fro ¢ ftb, 95 fib
e Started: 10/25/03 Completed: 10/29/03 2" PVCBank Casing: \ang 2 fm;‘ PO bgi :g 15 B bg
. . A ; , " ) 14INj-1: from 9% ftbgste 115 fb
(Logged By: D Fenity Checked By: D. Springer, R G #" Sereened Casing: WiNl2 from 127 ftbesto 152 # bgss
Drilled By:  D. Osterberg, Boart Longyear L& PEHE TEA] ventoniterComent Grout ::_}g}; ffr’g;‘ g ggg:g g; f‘::g:
Drilling/Sampling Equipment: Sontc 978"/ Sonic Sampler Bit -5 o . WINFE 87 frhgst 92 fib,
g/Sampling Equip cOnHNIONS Core, P Bentonite Transitional Seal: eI f-;gﬁ & bg tg 5 & bg
} A - ) ' . 14INJ 1 from 92  fibgsto 120 fi by
GSElev: 130 ftabove MSL TD: 157 ft Sand Filter Pack: wiNZ __fom 15 Gbgte 157 Abo
\ . 2"PVC Sump: N f 115 fbgsto 120 &b
TOC Elev 134‘(_)5 ft above MSL Sumpr 13—!?1”]-;: &rgg: 152 # bg tz 157 # bgz
B MATERIAL DESCRIPTION EE § & |Copstuction |85 B2 (B8]  remarks
Ag 35|30 Sl RIEL
sand, dark yellowish brown (10YR 4/6), fine to medium- 0 lep | 0755 Begin drilling.
| [grained, pooily graded, subrounded to subangular, dry, .0
dune sand PID not functioning
3 L . ropetly.
R 100 properly
5 -
10 |— islightly moist.
15 [—[dark yellowish brown (10YR 4/4).
[ |dark yellowish brown (10YR 4/6).
.
v, Cl :
98 ft bgs. W Groundwater depth during drilling. 9180 ft. bgs 3 Groundwater depth after well development on: 11/4/03
TC Number; A250-48 TEIRA TECH, INC. | Page 10f 7

RABoring LogsMWete\1 4-INS-TH4HNI2 p 1 of T 1172003




Project: Vandenberg Air Force Base/13C Treatiblity Study

Log of Well No. 14-INJ-1/ 14-INJ-2

Location: OU4, Site 14, approximately 895 feet southwest .

of Bldg. 1794, west of Watt Rd.

sona Lp3d T jeMe) vy

REMARKS

PID not functioning

properly.

oy

Page 2of 7

dug/qury|
(andd)

12009y
JIB0I9,]

100

g 1ad

B

AR

7

l/a./A.\\“

™

%

%

A

AN

X

\/ SAN

AN

R

AN AR

Tetra Tech, Inc.
4213 State Street, Suite 100

Santa Barbara, CA 93110-2847
VOICE (805) 681-3100 FAX (805) 681-3108

MATERIAL DESCRIPTION

medium-grained, poorly graded, subrounded to

sand, datk yellowish brawn (10YR 4/6), fine to
subangular, slightly moist, trace silt, dune sand

fine to medium-grained, no silt

trace silt.

trace silt.

TETRA TECH, INC.

20

M N
m,r mm%

25

30 |-— | no siit.

35

40

TC Number: A250-48




Egrg tTegth, thsc:t 00 Project: Vandenberg Air Force Base/13C Treatiblity Study
ate Street, Suite £ ~
Santa Barbara, CA 93110-2847 Log o W.ell No. .14_INI L/ 14—I.NJ 2
VOICE (805) 681-3100 FAX (805) 661-3108 Location: OU4, Site 14, approximately 895 feet southwest
h of Bldg. 1794, west of Watt Rd.
Iy ?'_O‘ Eo g4 L= | B g El E"
£ MATERIAL DESCRIPTION “‘EE 2 & leon®ihtion g‘ g 5% g 2l 52!  REMARKS
RE 25 s D mcsﬂﬂmj 83
45 sand, dark yellowish brown (10YR 4/6), fine to medium-| . L. SP 100 PID not functioning
_ | grained, poorly graded, subrounded to subangular, properly
slightly moist, trace silt, dune sand
50 |—
no siit
55 [—|[ fine-grained
B dark yellowish brown (10YR 4/4), trace silt.
60 |—| few silt.
dark yellowish brown (10YR 4/6), no siit .
o
65 [— -
B dark yellowish brown (10YR 4/4), trace silt 02"
] .
TC Number: A250-48 TETRA TECH, INC. Page 3 of 7
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Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study

s S s i 0 Logoi Wil o, TEINT, 11053
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest
of Bldg. 1794, west of Watt Rd. i
iy 'H""‘ 1% e " .
5 Q) - —=E E\ E =)
B2 MATERIAL DESCRIPTION g’g\ ?jg; conditttion| B EES B8 82|  reMarks
k! 24 Al el ke LE ST
70 sand, dark yellowish brown (10YR 4/6), fine-grained, |-~ - { SP 100 PID not functioning
_ | pootly graded, subrounded to subangular, slightly properly.
moist, trace silt, dune sand. "
o
o -

80 ™| dark yellowish brown (10YR 4/4).

85 |—| dark yellowish brown (10YR 3/4).

dark yellowish brown (10YR 4/6), no silt. Bentonite ansition.
- m ] al seal from 87 to 92
B feetbgs.
90—

Y <
we| T k-
. 1. 3
W o
2
3

TC Nutnber: A250-48 _ TETRA TECH, INC. Page 4 of 7




47;%!' g '{'esb;h, tmsc.'t 100 Project: Vandenberg Air Force Base/13C Treatiblity Study
ate Street, Suite § . 14-INJ-1 /14-IN1-
Santa Barbara, CA 93110-2847 Log 0. Well No 3 4 IINJ /14 H.\U 2 :
of Bldg. 1794, west of Watt Rd.
a 'E'B' ? 4 A= t E‘ ‘g &
. n 1] et o g
B MATERIAL DESCRIPTION %E g £ Contfsittion é“ Z 8% g 2182  REMARKS
Ag =55 A |P0a|dg ek
95 sand, datk yellowish brown (10YR 3/4), fine-grained, | : P 100 PID not functioning
_ | pootly graded, subrounded to subangular, slightly P, e properly
moist, no silt, dune sand L
— | wet. | Groundwater en-
countered at 98
- bgs during drilling.
100— Upper screened
| interval: 95 ft to
' 115t bgs.
105+—
-
trace silt
110 |—| no sikt
1= clay, organic, bluish black (25 GLEY2 10B), stiff to very 14INJ-1 |
_ | stiff; organic odor, trace angular gravel (siltstone), trace 2" PVC surmnp from g
fine-grained sand 115 ft to 120 ft bgs.
_ | siltyclay, organiqblack (7 5YR 2.5/1), soft, organic odor, =
little silt, trace fitfe sand, trace gastropod fragments, =
-~ alluvium.
e
"
TC Number: A250-48 TETRA TECH, INC. Page 5 of 7
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Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study ”

4213 State Street, Suite 100 _ _
Santa Barbara, CA 93110-2847 Log of Well No. 14-INj-1/ 14-INJ-2
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest;
of Bldg. 1794, west of Watt Rd. {
£ EFTER gl 8 [eE]Eg
B MATERIAL DESCRIPTION CH B & lcontiSiion| 5 8 e g 5| 82] REMARKS
Qg s& |37 g |P0R(& g8
120} | sandy silt, organic, brown (7 5YR 4/2), interbedded with === OL 100 PID not functioning
_. | black (7 5YR 2 5/1), fine-grained, trace gastropod =] propetly
fragments, trace clay, alluvium. = Bentonite transition-
- = al seal from 120 to
=] 125 feet bgs
_ | peat, dark brown (2 5YR 3/3), soft, highly organic, o) PT
few pine needles and gastropod fragments, some silt. PR3
A
- e
e
PEH ;
125 |— | dlay, organic, bluish black (2 5 GLEY2 10B), stiff to very [~/ OH
stiff, organic odor, trace angular gravel {siltstone and /-;,{j
| chert), trace gastropod fragments, alluvium. Y
v/ 7 A
/s
_ AR -
silty sand, black (7.5YR 2 5/1), fine-grained, pootly REE) SM |. Lower screened
~ | graded, some silt, few angular gravel (siltstone), trace 153 ' interval: 127 ft to
clay, alluvium 152 ftbgs.

130[—

few clay.

135 [-—| very dark gray (10YR 3/1), few angular gravel
(Monterey Shale). -

W01 ey, organic, bluish black (2.5 GLEY2 108), soft == OL | -
| few silt, few fine-grained sand, alluvium. TFASv Sl

silty sand, black (7 5YR 2 5/1), fine-grained, poorly
— | graded, subrounded to subangular, wet, some silt,
trace angular gravel (Monterey Shale), alluvium.

~
k-
@
a

! | I [
TN * . = = e s - - N L I P BN
.

TC Number: A250-48 TETRA TECH, INC. " Page 6of 7




Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 Stats Street, Suite 100 Log of Well No. 14-INJ-1/ 14-INJ.2
Santa Barbara, CA 93110-2847 ; ; -
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest
 of Bldg. 1794, west of Watt Rd.
o~ o= ] ] w. - E? 'E’
5% o) U = + £ a‘
B’ MATERIAL DESCRIPTION o g 5 Cont¥eiktion g 3 591851 52|  RrEmARKs
g Em‘z IS PO ag Ak
b LN -
145 sandy gravel, gray (10YR 5/1), medium-grained, 150, GP L 100 PID not functioning
.. | poorly graded, subrounded, wet, some angular gravel, &'; ;'\; o propetly
{Monterey Shale), alluvium. ’W'-" -]
B =
: A
o iy o
AL ]
angular, little medium-grained sand, trace silt, ".'.?,! ) o
| weathered Monterey Shale ! 'S: o AT
LAl W]
150|— Vo i
b
— ¥ o
';'3'\’1 .
—— Al ‘:'l: . .
AV SR 141INj-2
shale, olive gray (5Y 5/2), weathered, wet, Monterey — o SHALEL - 2" PVC sump from
— | Shale = . n 152 ft to 157 ft bgs.
— —= :
155 {— ——=
==
B Total depth:
— 157 ftbgs.
160 [—
65—
TC Number: A250-48 TETRA TECH, INC. Page 7 of 7
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2-inch Diameter SCH 80 PVC (
Injection Wells
14-INJ-2 = A 14-INJ-1
Il Locking Well Cap
...... M 3 Guard Posts
Ground Surface SEEe TN
A A
2-inch Diameter
Schedule 80 PVC
Blank Casing
Cement Grout
[= SN
2 2
87' bgs 87' bgs
Bentonite Seal i
92' bgs e e [ee—92' bgs
,.* 2-inch Diameter |
L Schedule 80 PVC _
0.03-Injection Perforations
(Screened 95" to 115’ bgs)
] RIERRY R 7 D 2"Diameter SCH 80 PVC
120' bgs X e ] 3G bgs > oot sump
Tremie Pipe .
Bentonite Seal 125' bgs WS RN >5 bos
2"Diameter SCH 80 PVC R
0.03-Injection Perforations e
(Screened 127'to 152" bgs) Y :
2"Diameter SCH 80 PVC e R UNITED STATES AIR FORCE
5-footsump ‘ ERCE " EREAER VANDENBERG AIR FORCE BASE
157|bgs ‘r ¥ ' .v'... |
I g" CONSTRUCTION FOR )
INJECTION WELLS L\ ;
14-INJ-1/2 o

TASKNO.] DATE |DRAWH BY Al ALE uom FIAURE NO.

A250-48 |37 ranpare | In-RiSeiseTreaibin | 14-1N-12
Profesign t4-ink1-2.8




L?grsat Tegh' tInsc.it 100 ' Project: Vandenberg Air Force Base/13C Treatiblity Study
aie Slreet, Sutts Log of Well No. 14-IN]J-3 / 14-INJ-4
Santa Barbara, CA 93110-2847 - g - - INJ-3/ _.J .
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest
of Bldg. 1794, west of Watt Rd.
X , . » WINGE T fo 0 fibgt % Rb
_ate Started: 10/22/03 Completed: 10/29/03 2" PVC Bank Casing: N fem o P fibes
. . . . , . : MIN-3: from 97 fthgsto 117  ftbgs
Logged By: D Tenity Checked By: D Springer, R G. ¥ Scrcened casm& WINL&  from 125 fbgsto 150 fibes
Drilled By: D. Osterberg, Boart Longyear J&f £ #6927 || engonite/Coment Grout: 1:_}:,’}2’ gﬁ g g ;’g:: g; ff:];;
111s : : . 5L QM $ T N . sy . 14INJ-3: from 87 ftbgs to 93 ft b,
Drilling/Sampling Equipment Sg:::ﬂ; i éi: CS;:::C Sampler Bit - 5 Bentonite Iransitiona Seal: W4 fom 17 fibek 123 ftbg
: - ] , 14INJ-3: from 93 fitbgsto 118 fibgs
GSElev: 130 f above MSL TD: 160 ft Sand Filter Pack: UINM:  fom 123 fibgsto 160 fibgs
! . 2"PVCS : ftbgs to 2 fibh
TOCElev: 13401t above MSL uep fhgto 160 b
58 EETET % REMARKS
T MATERIAL DESCRIPTION RS 2
Ag 55 ) B L
& S0 2
sand, yellowish brown (10YR 5/6), fine to medium- | SP 0800 Begin drilling.
| {grained, poorly graded, subrounded to subangular, dry, R
dune sand. - PID not functioning
_ properly due to
heavy fog.
5 S
10 |=| dark yellowish brown (10YR 4/6).
15 |—| fine-grained. oy Ny
fine to medium-grained, slightly moist.
- 20 i Lt
975 ft. bgs. ¥ Groundwater depth during drilhng 8990 ft. bgs Y Groundwater depth after well development on: 11/4/03

TC Number: A250-48 _ TETRA TECH, INC. Page 1 of 7
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Tetr, gt tTeSCh’ l%c'_t 100 Project: Vandenberg Air Force Base/13C Treatiblity Study
Sonts E;Z:aargegtk 08110-2847 Log of Well No. 14-INJ-3 / 14-INJ-4
VOICE (805) 581.3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest,
' of Bldg. 1794, west of Watt Rd. ,
— Fc'-u""‘ @ v L) £ B
5 ) =] Q L5 = - E o 5‘ 1 B
B8 MATERIAL DESCRIPTION g8 g&: Condtriiction £ 257 221 82|  REMARKS
BE s& |3 ol M A oA RS E
20 sand, dark yellowish brown (10YR 4/6), fine to medium- |~ *| SP 100 PID not functioning
__ igrained, poozly graded, subrounded to subangular, : properly.
slightly moist, dune sand
25 |—
yellowish brown (10YR 5/6).
30 [— _
_ i
\
35 [~
40 [ | dazk yellowish brown (10YR 4/4).
dark yellowish brown {10YR 5/6). i
TC Number: A250-48 TETRA TECH, INC. Page 20of 7
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;rze;gf gt Iegth’etmsc"rt 100 Project: Vandenberg Air Force Base/13C Treatiblity Study
ate Strest, Suite f Well No. 14-INJ- :
Santa Barbara, CA 93110-2847 . Log 0. No : NG 8/ 14 I.NJ-4
VOICE (805) 881-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest
of Bldg. 1794, west of Watt Rd.
o T“"_O‘ o = 8= | = B g‘
4] o 5]
B MATERIAL DESCRIPTION &8 g 5 Condiitttion & 287 28| 52]  REMARKS
A% , SR 2 e R Eg '
45 sand, dark yellowish brown (10¥R 4/6), fine to medium- 20 SP 100 PID not functioning
| grained, pootly graded, subrounded to subangutar, : propetly
slightly moist, dune sand
50 —
55 [—
60 |-— S
dark yellowish brown (10YR 4/4), trace silt. : y
s
65 | dark yellowish brown (10YR 4/6), medium-grained with .
some fine grained. T
.
fine to medium-grained. :.
i
TC Number: A250-48 TETRA TECH, INC. Page 3 of 7
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Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 State Strest, Suits 100 Log of Well No. 14- INJ .3/ 14‘INJ 4
Santa Barbara, CA 93110-2847 -
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwes!
of Bldg. 1794, west of Watt Rd (
- 92 |E o = To ‘
,-E [) W =i iy +t g‘ [ E"
B2 MATERIAL DESCRIPTION ffé :g B lcontiellion g Z Ep g | 58 REMARKS
RE Sa =" & |Pg s g EE
sand, dark yellowish brown (10YR 4/6), fine to medium-|." .| gp 100 .
grained, poorly graded, subrounded to subangular, ' P:'E n;)lt functioning
| slightly moist, trace silt, dune sand. PropeLy:
dark yellowish brown (10YR 4/4)
— | dark yellowish brown (10YR 4/6).
| trace silt, trace day.
85 |——| moist.
R silty clay, very dark gray (10YR 3/1), very soft, trace 7///4 CL
- \fme-gramed oxidized sand, alluvium. oo | 8P B "
sand, brown (10YR 4/3), fine to mechum—grained, sub- |7:., entonite o
o ded . B al seal from 87 to 93
— | rounded to subangular, poorly graded, wet, alluvium Ll feet bgs.
dark yellowish brown (10YR 4/4), slightly moist.
TC Number: A250-48 7 TETRA TECH, INC. Page 4of 7
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Tetra Tech, Inc. Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 State Street, Suite 100 . LOg of Well No. 14—INJ-3 / 14'INJ-4
Santa Barbara, CA 93110-2847 Location- OUZ Site 14 -
VOICE (805) 681-3100 FAX (805) 681-3108 cation: , olte 14, approximately 895 feet southwest
, of Bldg 1794, west of Watt Rd.
B MATERIAL DESCRIPTION EE B B lcon¥llion| &) B BElE5] 52| REmarks
k) S8 |3 S EEE)
95 sand, dark yellowish brown (10YR 4/4), fine to B » 1 SP L 100 PID not functioning
_ | medium-grained, subrounded to subangular, propetly.
poorly graded, slightly moist, alluvium. T
i Upper screened
B . - interval: 97 ft to
R 4 H 117 ftbgs
— ; Groundwater en-
e countered at 97.5 ft
. e bgs during drilling,
100 j— | wet. ‘ X
105 §
10— : % §
115 T . . s [P} : .'. : X
peat, dark brown (7.5 YR 3/3), soft, highly organic, ol PT | 1
| | few pine needles and gastropod fragments, some silt. o] ' :
|— Inalnl o R 14-INJ-3
s 2" PVC sump from
| sandy silt, organic, black (7 5YR 2 5/1), fine-grained, fewf=——] OL, 117ftt0122 ft bgs.
gastropod and plant fragments, few clay, alluvium Tty Bentonite transition-
(' - al seal from 117 to
- I 123 feet bgs.
TC Number: A250-48 TETRA TECH, INC. Page 5 of 7
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Teira Tech, Inc.

4213 State Street, Suite 100

Santa Barbara, CA 93110-2847

VOICE (805) 681-3100 FAX (805) 681-3108

Project: Vandenberg Air Force Base/13C Treatiblity Study
Log of Well No. 14-INJ-3 / 14-INJ-4

Location: OUA4, Site 14, approximately 895 feet southwest
of Bldg. 1794, west of Watt Rd. :

Depth
(ft.e Egs)

MATERIAL DESCRIPTION

Jucy
=]
(=]

125 |—

clay, bluish black (2.5 GLEYZ 10B), stiff to very stiff,
organic odot, trace angular gravel (siltstone and chert),
trace fine-grained sand, alluvium

EE Con\gyr%}}:tion
=
C

silty clay, organic, bluish black (2 5 GLEYZ 10B), very
soft, organic odot, some silt, trace angular gravel
(siltstone and chert), trace fine-grained sand, alluvium

silty sand, black (7 5YR 2 5/1), fine to medium-gz ained,
poorly graded, subrounded, some silt, few angular
gravel (siltstone), trace clay, alluvium.

Ll l—

. - = g\ E =%
AEErR DE1 B8] rEMARKS
22 L ANE:
100 PID not functioning
propeily.
Bottom of 14-INJ-3
sump

Lower screened
interval: 125 ft to

B , 150 ft bgs.
| few subrounded to subangular gravel (siltstone).
130 |— | fine-grained. N
135 |— | little angular gravel {Monterey Shale). o
i -
1401 | very daik gray black (10YR 3/1), fine-grained, pootly - ﬁ '.
graded, subrounded to subangulat, wet, trace clay, ” et
little angular gravel (Monterey Shale).
TC Number; A250-48 TETRA TECH, INC. Page 6 of 7
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;’;9121' g Te;h: tmsc.'t 100 Project: Vandenberg Air Force Base/13C Treatiblity Study
tate Street, Suite Log of Well No. 14-INJ-3 / 14-INJ-4
Santa Barbara, CA 93110-2847 5 fon: OUZ Site 1 41 / ; NJ
VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approximately 895 feet southwest
of Bldg, 1794, west of Watt Rd.
A "B Q B e T e
= | He = i E‘ £g
Bug MATERIAL DESCRIPTION §’§ E & [con¥felktion %‘ & 5% g 21 821  REMARKS
A ﬁm sH A [P0 A 9—15 a3
L7 —
145| | clayey sand, dark greenish gray (5 GLEY 3/1), fine- %’ sC |- n 100 PID not functioning
| grained, dense, few angular gravel (siltstone), slightly / : properly
moist, alluvium / “l
silty sand, grayish brown (10YR 5/2), fine-grained, i SM A
_ | poorly graded, subrounded to subangular, slightly o
moist, little angular gravel (Monterey Shale), few silt. .
- | weathered Monterey Shale. % g
150 |- , ' R
shale, olive gray (5Y 5/2), weathered, wet, Monterey = lsHALE| Eo 14-INj4
|| Shale. ‘ . 2" PVC sump from
s— i 150 ft t0 160 ft bgs.
— — X 10-foot Sump.
155 — Al TN
.g - : :; X
160|— — - >< Total depth:
160 ft bgs.
165
TC Number: A250-48

TETRA TECH, INC. Page 7 of 7
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2-inch Diameter SCH 80 PVC

Injection Wells
14-iNJ-4 A F1-—-—14-INJ-3
! ! ' Locking Well Cap
,,,,,, M 3 Guard Posts
Ground Surface i S,
A A
2-inch Diameter
Schedule 80 PVC
Blank Casing
Cement Grout
N D
No®
87'bgs - 87' bgs
Bentonite Seal {
93" bgs +— | PR MR 93" bgs
,ﬂ 2-inch Diameter
e Schedule 80 PVC
0.03-Injection Perforations
(Screened 97" to 117" bgs)
2"Diameter SCH 80 PVC
117"bgs  5-foot sump

Tremie Pipe A
Bentonite Seal 123 bgs

2"Diameter SCH 80 PVC
0.03-Injection Perforations —
(Screened 125' to 150' bgs)

2"Diameter SCH 80 PVC
10-foot sump .
160’ bgs

123" bgs

UNITED STATES AIR FORCE
VANDENBERG AlRt FORCE BASE

CONSTRUCTION FOR
INJECTION WELLS \
14-INJ-3/4 '

TASKNO. | DATE |DRAWN BY ALALENO, | FIGURE HO,
. Gakp-Bestoralion\
A250-45] /1000 | RANDALL | '0-RiSin1g0 Troaliana | T4-iN-304
ProDesign 144034




Tetra Tech, Inc.
4213 State Street, Suite 100
Santa Barbara, CA 93110-2847
. VOICE (805) 681-3100 FAX (805) 681-3108

Project: Vandenberg Air Force Base/13C Treatiblity Study
Log of Well No. 14-INJ-5 / 14-INJ-6

Location: OU4, Site 14, approx. 895 feet southwest of Bldg.
1794, west of Watt Road.

Date Started: 8/1/03 Completed: 8/5/03

2" PVCBank Casing:

14INJ-5:
14-1N]-6:

from
from

ftbgsto
ft bgs to

%5
1A

fthgs
it bgs

Logged By: S Serratore  Checked By: D Springer, R G.

27 Screened Casing:

W-INJ-5:
14INj-6:

from
from

—

ft bgs to

ft bgs to

in
131

ft bgs
fthgs

Diilled By: Ramon Zereda, BC2 Environmefisl céer%.# ¢ 74 Z || Bentonibe/Cement Grout:

14INJ-5:
H-INJ-6:

from
from

ft bgs to
ftbgs to

ft bgs
ft bgs

Drilling Equipment: CME 95, 10" Hollow Stem Auger

Bentonite Transitional Seal:

WUAN}-5
WINT-6:

from
from

ek

ftbgs to
ftbgs to

1A

ftbgs
ftbgs |

Sampling Equipment: 2" ID split spoon

Sand Filter Pack:

14.IN]-5;
1EIN]-6:

from
from

LaR(eco|NBe e

B
=3

frbgsto
ft bgs to

116
131

ftbgs
ft bgs

GS Elev.: 130 ft above MSL ID: 131t

TOC Flev.: 132.68 ft above MSL

9

§

MATERIAL DESCRIPTION

De
{ft

Well

Materal

4 Symbol

Type

Construction|

Sample

K
==

Percent
Recovery,

Counts
per &'

| PID (ppm)

Amb/Smp

REMARKS

grained, poorly graded, subrounded, loose, dry,
dune sand

10 | yellowish brown (10YR 5/6), slightly moist, little silt.

15 —

o

120

sand, dark yellowish brown (10YR 3/6), fine to medium- |* %"

Material
%

%4

7

N

s

2

W

N

28

6

77

N

o

X

7

=

o

)

o

A%

2

V22

X0

ol

N

A

72

S

X

e

Y

N

Za

N

N

7

2

XN

=
»

\

Y

>

&2

7

S

2

A\

)

S

2

7

B

S

TC Number: A250-48

90 ft.bgs. W Groundwater depth during dxﬁimg 103 00ft. bgs X G

TETRA TECH, INC.

0.3/
01

8/1/03.

1115 Begin drilling

Lithology based on
| drilling cuttings and)|
drill rate.

BIHIRISAAINGS p 1076 VRS

roundwater depth after well development on: 11/5/03
Page 1 of 6
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Tetra Tech, Inc', Project: Vandenberg Air Force Base/13C Treatiblity Study
4213 State Street, Sulta 100 Log of Well No.  14-INJ-5 / 14-INJ-6
Santa Barbara, CA 93110-2847 &
VOICE (806) 681-3100 FAX (805} 681-3108 Location: QU4, Site 14, approx. 895 feet southwest of Bldﬂ
1794, west of Watt Road.
= Tl N
B MATERIAL DESCRIPIION .g"a & \conPelttion g & 8% g 2| 52| REMARKS
RE 24 i ol R L EE
20 sand, yellowish brown (10YR 5/6), fine to medium- R SP
_ | grained, poorly graded, subrounded, loose, slightly S
moist, little silt, dune sand
25— e
',
3
30 —| dense ‘;'-: 01 {
01 !
35—
| 40 |—| dark yellowish brown (10YR 4/4). 02/
01
— ""i: k
B -, ]
TC Number: A250-48 TETRA TECH., INC. Paca ?of A

loring LogaWellell 4-INr-w - INJ8 p 2ol 6 19/2003



INFSHANES p3of6 11720003

;f;?gl'gt '{'egth, tmscn o0 Project: Vandenberg Air Force Base/13C Treatiblity Study
ate Street, Suite £ . 14-INI-5 /" g
E Santa Barbara, CA 93110-2847 Log 0. Well No 4INY5/ 14-INJ-6
: VOICE (805) 681-3100 FAX (805) 681-3108 Location: QU4, Site 14, approx. 895 feet southwest of Bldg.
1794, west of Watt Road,
o) - EFTER gl e 2Bl Ep
RS MATERIAL DESCRIPTION 28 5 & jcon¥isthion A gEY HE IR
AE s& = &F3R[E8 a5
45 sand, dark yellowish brown (10YR 4/4), fine to medium- Sp
_ | grained, poorly graded, subrounded, dense, slightly 2
moist, sorme silt, dune sand
50 —| moist 03/
N 02
55 —
60 |— Sr 03/
R 03
65— E
w Stop drilling,
s, Resume drilling on
[ e Monday 8/11/03.
TC Number: A250-48 - TETRA TECH, INC. , Page 3of 6
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Teira Tech, Inc.

4213 State Street, Suite 100

Santa Barbara, CA 93110-2847

VOICE (805) 681-3100 FAX (805) 681-3108

Project: Vandenberg Air Force Base/13C Treatiblity Study
Log of Well No. 14-INJ-5 / 14-INJ-6

Location: OU4, Site 14, approx. 895 feet southwest of Bldgg

iy

1794, west of Watt Road.

Depth
{ft.e Egs)

MATERIAL DESCRIPTION

E
2e]

Counts
per 6
Percent

Recovery

Sample

iF

=] a}

P&j £ Congyrfgétion
2[—'

Material
Symbol

IPID {ppirs)
Amb/Smp

REMARKS

70

B0 |—| dark yellowish brown (10YR 3/4), very moist.

85 || moist.

90 |—1 wet

sand, daik yellowish brown (10YR 4/4), fine to medium- [ 7| SP
grained, pootly graded, subrounded, dense, moist, e
some silt, dune sand

%

—_
=
p=—

AN

2

NN

O

S

&K

S

2D

>

)

V.

N

N

N

N

N

2

&

A

N

)

N

AN

X2

AN

>

NN

2D

AN

V)

R

AN

:[K

02/
02

1030 Resume drilling
on 8/4/03.

Bentonite transition-
al seal from 86 to 91
feet bgs.

Groundwater en-
countered at 90 ft
bgs duting drilling,

.

- TC Number: A250-48

TETRA TECH, INC.

Page 4 of 6

1ABoring Loga\MWels\14We.ia4NJ-6 P4 ol 8 11/2003



L?;fsat Z'E;h, tmsc"t o0 Project: Vandenberg Air Force Base/13C Treatiblity Study
ate Strest, Suite
' of Well No. 14-INJ-5/ 14-INJ-
Santa Barbara, CA 93110-2847 Log - W NJ-5/14-INJ-6
s VOICE (805) 681-3100 FAX (805) 681-3108 Location: OU4, Site 14, approx. 895 feet southwest of Bldg,
1794, west of Watt Road.
5% EER 2t (55| E
Bt MATERIAL DESCRIPTION £ 8 & lcontfelhion| & 250 §a & REMARKS
Ad S2 S RS I
95 sand, dark yellowish brown (10YR 3/4), fine to medium- [ }7.?,}'1 E 14INJ-5
— | grained, poorly graded, subrounded, dense, wet, P Vo Upper screened
some silt, dune sand o interval: 97 ft to
3 . . 111 ftbgs
02/ |Pormation collapse
- 01 jaround screen, no
filter pack.
100 |—| brown (10YR 4/3) .
1Zf
105 —
B Bottom of 14-INJ-5
15—
"""" Bentonite transition-
o al seal from 116 to
121 feet bgs,
TC Number: A250-48 TETRA TECH, INC., Page 5 of 6

A\Boring LogdMWelk\1 4-INL6H4INJ6 p 6T 6 11/20/03



Tetra Tech, Inc.
4213 State Strest, Suite 100
Santa Barbara, CA 93110-2847

VOICE (805) 681-3100 FAX (805) 681-3108

Project: Vandenberg Air Force Base/13C Treatiblity Study
Log of Well No. 14-IN]J-5 / 14-INJ-6

Location: OU4, Site 14, approx. 895 feet southwest of Bldgi{/ )

TETRA TECH, INC.

1794, west of Watt Road. i
by ] ? O - =
'-E 3] E Q ] et E g
B MATERIAL DESCRIPTION 2 E 5 & Condisietion g g Bl E REMARKS
fE S5 |2 A L8 8
120 sand, brown (10YR 4/3), fine to medium—grainec_i, e Slow drill rate
poorly graded, subrounded, dense, wet, some silt,
" | dune sand
- Formation collapse
around screen, no
- filter pack.
125 — 14INJ-6
Lower screetred
B interval: 121 ftto
131 ftbgs.
silty clay, organic, very dark grayish brown (10YR 373}, |77~ JOH |- Stop drilling.
130 [— | dense, wet, some chert fragments, alluvium. A - Resume on 8/5/03,
AAA Pull auger. Set we
— . 14-IN]—6 on 8/5/031\
135 —
140{—
TC Number: A250-48 Page 6 of 6

+INGG pB o6 F1/2003
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2-inch Diameter SCH 80 PVC
Injection Wells

14-INJ-6

Ground Surface

A
2-inch Diameter
Schedule 80 PVC
Blank Casing
Cement Grout
86' bgs - 86'bgs
Bentonite Seal
21" bgs o lle 91' bgs
a2 A 2-inch Diameter
I I P Schedule 80 PV,
R 0.03-Injection Perforations
R (Screened 97" to 111" bgs)
; ‘;-‘7»11'1 ~— Formation collapse
i B A around screen, no filter
111" bgs Y WO B .l,_ - pack
116" bgs -yl bl 1161 s
Tremie Pipe
Bentonite Seal 121" bgs - - 121" bgs
2"Diameter SCH 80 PVC E ~ Formation collapse
0.03-Injection Perforations hi around screen, no filter
(Screened 121' to 131" bgs) Fo pack ]
ot UNITED STATES AIR FORCE
oL VANDENBERG AIR FORCE BASE
131 bgs i -
8" CONSTRUCTION FOR

14-INJ-5

Locking Well Cap
3 Guard Posts

INJECTION WELLS
14-INJ-5/6

TASKNO.| DATE [DRAWN BY

A250-48 {111779] RANDALL

Al FILE NO,

GAlp-Rastoraliont
Iir-RISHetdc Traatbiliyy
ProDsson 14-inj5-6.af

FIQURE NO,
14-INJ-55
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1.0 SITE 13C IRA HEALTH AND SAFETY PLAN ADDENDUM

This Health and Safety Plan addendum summarizes pertinent health and safety information and
procedures required to conduct field work at the Site 13 Cluster (13C). The site cluster consists of
Advanced Ballistic Re-Entry Systems A (ABRES-A) Launch Complex (Site 13), ABRES-A Lake and
downgradient paleochannel (Site [4), and Missile Silo 395 B (Site 28) at Vandenberg Air Force Base
(AFB), California. This addendum is intended to augment the following documents: Installation
Restoration Progrtam Remedial Investigation/Feasibility Study (RI/ES) Health and Safety Plan (Tacobs
Engineeting Group, Inc. [JEG] 1993), the Tetra Tech, Inc. (Tetra Tech) Corporate Health and Safety
Manual (Tetza Tech 1999), the Basewide Sampling and Apalysis Plan (Tetra Tech 2003), Site-Specific
Health and Safety Plan, Site 13, for drilling and field operations (Tetra Tech 1993), and previous training
received by field participants The above-mentioned documents are available for review or reference at
the Tetra Tech field trailer, located at the Agena Tank Farm Investigation-dezived Waste Storage Area at
Vandenberg AFB, and in the Tetia Tech Santa Barbara, California, office.

This document also addresses the regulatory requirement in 29 Code of Federal Regulations (CEFR)
1910 120 (bX(4) and California Code of Regulations (CCR) 5192 (b)(4) regarding site-specific health and
safety plans.

1.1 FACILITY DESCRIPTION

Vandenberg AFB is located on the south-central coast of California, approximately halfway between San
Diego and San Francisco. The base covers approximately 98,000 acres in western Santa Barbara County
and is headquarters for the 30th Space Wing. The primary mission of the 30th Space Wing at
Vandenberg AFB is to launch and track satellites in space, test and evaluate America’s intercontinental
ballistic missile systems, and support aitcraft operations in the western range. As a nonmilitary facet of
operations, Vandenberg AFB is also committed to promoting commercial space launch ventures.

1.1.1 Demographics

Vandenberg AFB suppoits approximately 12,000 personnel, comprising Air Force personnel, civilian
employees, contractors, and military dependents. Approximately 2,080 family housing units are located
in the main cantonment area The nearby cities of Lompoc and Santa Maria have populations of 41,103
and 77,423, respectively.

i.1.2 Climaie

The climate at Vandenberg AFB remains relatively mild and constant thronghout the year. The prevailing
wind direction is to the east and southeast. The climate is categorized as subtropical (Mediterranean),
receiving modest precipitation during the winter months (December through March), and little ot no
precipitation the rest of the year.

The Vandenberg AFB 30th Weather Squadron compiles climatological data at the base. From 1952
through 1997, the annual 1ainfall at the aitfield ranged from 4.00 inches to 28.40 inches, with an average
of 14.16 inches. During California’s most recent drought period (1984 through 1990), the annual rainfall at the
Vandenberg AFB airfield avetaged 9.93 inches. In 1995, 1996, 1998, and 1999, Vandenberg AFB received
greater than average precipitation.

The average annual temperature, based on 1952 to 1997 Vandenberg AFB airficld data, is 57 degrees
Fahlrenheit (°F) Recorded low and high temperature extremes from 1952 through 1999 are 25°F and
100°F, respectively.
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Spring, summer, and fall are characterized by northwesterly winds with speeds averaging 5 to 7 knots (6
to 9 miles per hour [mph]) During November, December, and Januvary, the prevailing winds are from the
east-southeast at speeds averaging 6 knots (7 mph).

113 Facility History

The site of Vandenberg AFB was first operated as a roilitary installation (Camp Cooke Army Base) in
1941 From 1942 until the end of World War 11, armored, infantty, and Air Force divisions trained there.
A prisoner-of-war camp operated at Camp Cooke during World War II as well. Camp Cooke was
deactivated in 1946 and most of the Base was leased for agricultural purposes During the Korean
conflict, the camp was reactivated until 1953

In 1956, the Department of Defense selected Camp Cook as the site of the first Air Force missile base in
the United States In 1957, North Camp Cooke was transferred to the Air Force and designated Cooke
AFB. The southern portion of the Army Base was assigned to the Navy and designated Point Arguello
Naval Missile Facility. In 1958, Cooke AFB was renamed Vandenberg AFB. In 1964, the Point
Arguello Naval Missile Facility was transferred to the Air Force.

1.1.4 Site-Specific Descriptions

Site 13 includes the ABRES-A Launch Complex, and a portion of ABRES-A Canyon to the south and
west of the launch complex. The ABRES-A Launch Complex at Site 13 consists of a control center and
three launch pads (Buildings 1788, 1790, and 1797). There are three deluge channels (Channels A, B,
and C) extending from each of the launch pads at the ABRES-A launch complex that conveyed
discharges toward ABRES-A Lake. Eighty-four Atlas missiles were launched from the ABRES-A
Launch Complex between 1959 and 1974, The first Atlas missiles (Atlas D) were launched between
1959 and 1966 using “wet pad” technology From 1964 to 1967, ABRES-A launch operations
transitioned to Atlas E and F missiles, which used “dry pad” technology and no longer required using the
deluge system. Chlorinated solvents, primarily TCE, were used on-site for degreasing missile engines
and cleaning parts. A TCE storage tank was located within the launch service building at each pad of Site
13 Before regulations regarding use of solvents were implemented, TCE and possibly other solvents
may have been released on-site.

Site 14 includes ABRES-A Lake, the western portion of ABRES-A Canyon and surrounding bluffs, the
discharge point of an earthen diainage channel from Site 28 (Missile Silo 395-B), and the neutralization
lagoon located on the north bluff of the canyon.

Site 28 was formerly used for launching Titan II missiles, which were fueled with the hypergolic fuels.
Trace concentrations of hypergolic fuels were detected in one gioundwater sample collected in 1994, but
has not been detected since that time.

1.2 TRAINING / MEDICAL SURVEILLANCE REQUIREMENTS

Before performing any site work, all on-site personnel, including subcontractors, will have completed the
medical surveillance and training requirements specified by the Tetra Tech Health and Safety Manual,
Volume II, document control numbers 3-1/3-2 (Tetra Tech 1999), and 29 CFR 1910.120. At least one
team member on-site must be certified in first aid and cardiopulmonary resuscitation (CPR). Before
starting any work, each on-site person will acknowledge that he/she has read, understands, and will
comply with the requirements of this plan by signing the Site Safety Plan Consent Agreement
(Attachment C-1).
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A daily tailgate health and safety meeting will be conducted before personnel sign the Daily Tailgate
Safety Meeting Form (Attachment C-2), enter the site, and begin field work. This documentation will be
submitted to the Project Manager/Site Safety Coordinator at the end of each field day

This site-specific health and safety plan is a certification of Hazard Assessment
1.3 EMERGENCY INFORMATION AND HEALTH AND SAFETY PERSONNEL

The location of Site 13 Cluster and the Lompoc Hospital are shown on Figure C-1. A first aid kit,
eyewash, and fire extinguisher will be available during field operations. A cellular phone must be
available on-site Table C-1 provides emergency contact information.

131 Key Personnel

Division Health and Safety Manager: Chris McClain is responsible for overseeing Health and Safety
Progtams for the Tetra Tech oiganization. Ms. McClain can be reached at (626) 351-4664, extension
2542,

Project Health and Safety Manager: Jennifer Higgins is responsible for maintaining this plan, advising
field staff on implementation of this plan, and conducting periodic inspections for compliance with this
plan. Ms. Higgins can be reached at (805) 681-3100, extension 114,

Site Health and Safety Officer: David Fenity, or his designee, is responsible for field coordination of
Health and Safety Programs and for implementation of the Health and Safety Plan at the site. This includes
ensuring the proper use of personal protective equipment (PPE), enforcing safe work habits, and
conducting a tailgate safety meeting before the start of field activities These responsibilities also include
conducting periodic safety inspections of all protective gear Mr Fenity can be reached in the office at
(805) 681-3100, extension 124, and in the field by cellular phone Call the Tetra Tech receptionist at
(805) 681-3100 to obtain the cellular phone number.

Any member of the field crew is authorized to shut down the field operation based on any expressed
concern until project management can be consulted

1.3.2 Emergency Contingency Plans

In preparing for emergencies, each site worker will know where to get first aid, a fire extinguisher, a
portable eye washer, the nearest telephone, and generally what to do in case of an emergency.
Subcontractors are required to provide their own first aid kit. The map to the hospital will be attached to
this Health and Safety Plan Addendum and prominently displayed on the dashboard of the Tetra Tech
field vehicle after the tailgate safety meeting.

If the Site Health and Safety Officer deems the site unsafe for any reason, then personnel will evacuate
the exclusion zone and contamination reduction zone and reconvene in the designated place of refuge.
Emergency alerting will be conducted by voice or sign language and personnel will respond verbally ot
using sign language. If sign language is to be used, it will be reviewed during the tailgate safety meeting
each day before starting work. Evacuation will be conducted by tuining off power to equipment,
decontaminating workers, and calmly leaving the work site. The place of refuge while performing field
activities is the end of Watt Road. This area is over 500 feet upwind of the exclusion and contamination
reduction zones. The Site Health and Safety Officer may designate an alternative place of refuge during
the tailgate safety meeting, if appropriate
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If an injury occurs, work will stop and heavy equipment will be turned off. The injured person will
undergo decontamination to the extent necessary to ensure their safety and the safety of the rescue
personnel, and first aid will be administered If injurtes require medical attention, the following steps will
be implemented:

. Step 1 Call ambulance (land line 911/cell phone: 734-4117) or go to hospital first
. Step 2 Call Tetra Tech office. Notify Kevin McNamara or Jennifer Higgins at (805)
681-3100, extensions 134 and 114, respectively.
. Step 3 Give the following information to Mr. McNamara or Ms Higgins:
a. Injury sustained;
b. Location of the accident;
c Personnel involved; and
d Who has been contacted and what action has been taken (e g, ambulance,
hospital).

The nearest medical facility is Lompoc District Hospital, up to 45 minutes away. A map to the hospital is
attached (Figure C-1). The hospital is located at 508 E. Hickory Avenue, on the comer of Hickory Avenue
and D Street in Lompoc, Californta

1.4 HAZARDS OF CONCERN
1.4.1 Chemical Hazards

Refer to Table C-2 for a list of potential contaminants that may be encountered in soil or groundwater.
The RUFS Health and Safety Plan (TEG 1993) provides additional chemical hazard information for many
of the contaminants that may be encountered Table C-3 summarizes threshold limits including
Shott Term Exposure Limits (STELs) and Permissible Exposure Limits (PELs), where available, for
potential site contaminants. Chemical hazard information is provided in Attachment C-3.

1.4.2 Activity and Physical Hazards

The RI/FS Health and Safety Plan (JEG 1993) and the Tetia Tech Cotporate Health and Safety Manual
(Tetra Tech 1999) provide additional information regarding safety procedures with respect to activity and
physical hazards in the field. Activity and physical hazards include drilling and well installation, well
sampling, preparing and injecting emulsified soybean oil (ESO), working with pressurized vessels and
hoses, and underground and overhead utilities

The use of heavy equipment for diilling, preparing and injecting ESO, debris removal, and lifting poses a
great potential for physical injury to personnel. All vehicles will have spotters for backing maneuvers and
traffic control. Only qualified personnel are allowed to operate heavy equipment Operation of
construction equipment during well instaliation and ESO injection may be the source of elevated noise
levels. Therefore, the Site Health and Safety officer shall determine hearing protection based on the
results of routine noise monitoring
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Field personnel working with pressutized hoses and containers will be exposed to dangers telated to
impact and explosion All personnel working around pressurized vessels and hoses will wear adequate
PPE (Section 1-7) Uncontrolled contact of buried and overhead utilities, such as gas and electrical lines
is a significant issue of concern Precautionary actions to take prior to commencing fieldwork include
completing the Form 35 Permit which includes the cootdination for ficldwork request (Basewide
Sampling and Analysis Plan, Appendix A), maintaining appropriate distances from overhead utilities
duting drilling, and performing lockout, tag-out procedures on utilities that will be moved or directly
impacted by drilling prior to beginning fieldwork.

Soil boring and sampling hazards may include, but are not necessarily limited to:

. Moving equipment parts;

* Lifting and catnrying heavy equipment;

. Oral or dermal contact with potentially contaminated soils;

. Inhalation of potentially contaminated dust generated during diilling;

. Contact with poisonous plants (e g, poison oak), animals (e.g., 1attlesnakes), or insects;
. Slips, trips, and falls fiom uneven temain;

» On-site vehicular traffic in populated areas;

. Physical disiress related to heat or cold; and

. Extreme weather conditions (e g., lightning o1 wind).

To avoid injury from moving equipment parts, personnel will be properly trained before using sampling
equipment, Personnel will obtain help fiom co-workers when heavy lifting is required. To avoid contact
with contaminated soil, personnel will wear appropriate PPE. Personnel will exercise extreme caution
when working in areas where poison oak, snakes, or uneven terrain are present. The best protection
against poison oak is PPE, such as Tyvek (taped to boots and gloves), rubber boots, and inner and outer
gloves. Whenever lightning is within 3 miles of the work atea, site activities will be shut down. Physical
hazards related to heat and cold are discussed below.

Hazards associated with drilling, IDW management, installation of the In-situ Submerged Oxygen Curtain
(iSOC) system, and injection of fluids include noise and heavy equipment in addition to the ones listed
above. Care will be taken to avoid the operating diill rig and the bucket of the front loader. Personnel
will not approach the drill 1ig or walk behind the front loader without first notifying the equipment
operator. Workers in close proximity will maintain visual contact with equipment operator at all
times Heaiing protection is zequired around noisy equipment. Dusts will be mitigated by
sptaying water on the dry soil. Non-essential personnel must remain in the support zone. For a more
detailed list of heavy equipment hazards, see Use of Heavy Equipment, Safe Work Practice 6-26 in the
Tetra Tech Corporate Health and Safety Manual (Tetra Tech 1999).

Hazards associated with contacting site soil result mostly from dermal absorption, ingestion, and
inhalation of dusts. Personnel will wear PPE (e.g , Tyvek, gloves, safety glasses) to avoid unnecessary
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¢xposure to contaminants of concern during drilling or IDW soil management. Non-essential personnel
will not handle soil and will stay in the support zone.

1.4.2.3 Heat Stress

Wearing PPE during warm weather puts employees at considerable risk of developing heat-related illness.
Health effects from heat stress range fiom transient heat fatigue or rashes to serious illness (e g, heat
stroke) or death. Employees are instructed to recognize and treat heat-related illness during 8-hour health
and safety refresher and first aid training courses When working in hot environments, the following
procedures will be implemented to reduce the tisk of heat stress:

¢ Follow the buddy system and watch for signs of heat stress in co-workeis.

. Implement work and rest cycles, as appropriate, to periodically allow employees to
remove piotective clothing and cool down.

. Regularly drink liquids to replace lost body fluids.
. Use cooling devices such as shade canopies, sun hats, ice vests, o1 fans, if necessary

Procedures for treating heat stress conditions and for monitoring heat stress are described in Volume III of
the Tetra Tech Health and Safety Manual (Tetia Tech 1999)

14.2.2 Cold Exposure

Bare flesh and body extremities such as fingers, toes, and ears are most susceptible to wind chill or
extremely low ambient temperatures. Employees are instructed to recognize and treat cold-related
injuries during 8-hour health and safety refresher and first aid training courses The two primary factors
influencing the risk potential for cold stress are temperature and wind velocity. Wetness can also contribute
to cold stress Hypothermia can occur at temperatures above freezing if the individual is wearing wet or
damp clothing. When working in cold environments, the following procedures will be implemented to
lessen the chances of cold-ielated injuries:

. Protect exposed skin surfaces with appropriate insulating clothing such as face masks,
gloves, and footwear

. Dress in layers to adapt to changing temperatures.
. Provide extra insulating clothing on-site.
. Reduce the duration of exposure to cold.
. Change wet or damp clothing as soon as possible

Procedures for evaluating the combined effect of temperatures and wind are described in Volume TII of the
Tetra Tech Health and Safety Manual (Tetra Tech 1999).

1.5 AIR MONITORING

Ailr monitoring will be conducted at the Site 13 Cluster to ensure worker safety during drilling and
groundwater sampling. A flame ionization detector (FID) will be used for oiganic vapor screening.
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Personnel will measute for organic vapors in the breathing zone with a FID a minimum of every half-hour
during drilling activities Petsonnel will measure organic vapor concentrations at the Site 13 Cluster in the
breathing zone and record the results in the loghook

It the FID reading is 5 parts per million (ppm) or more above background, personnel will allow the area to
vent for a few minutes and then take another PID reading. Personnel will put on full-face respirators with
organic vapor/acid gas cariridges and P100 filters (respiratory level C) if readings are more than 5 ppm
above background in the breathing zone.

I FID readings are consistently 25 ppm o1 more above background in the breathing zone, then personnel
will retreat to the support zone by Watt Road (see Section 1.6.3). Work will resume only after
completion of a site-specific health and safety plan that addresses use of Level B PPE.

1.6 WORK ZONES

A minimum of three woik zones (exclusion zone, contamination reduction zone, and suppoit zone) will
normally be established to ensure that:

. All personnel are properly protected against existing site hazards;

° Work activities and contaminants are confined to appropriate areas;

* Personnel can be controlled and evacuated in the event of an emergency;

. Potential routes and levels of possible contaminant dispersion can be evaluated; and

. Movement of personnel and equipment across these zones shall be minimized and

restricted to specified areas and specific control points to prevent cross-contamination.
1.6.1 Exclusion Zone
Sampling personnel will establish an exclusion zone that is a 20-foot radius around the immediate
drilling/injection/sampling and sampling equipment staging area. Because the Site 13 Cluster IRA area is

remote, the exclusion zone does not require delineation with caution tape.

Equipment and PPE shall be cleaned of gross contamination prior to exiting the exclusion zone and
entering the contamination reduction zone.

1.6.2 Contamination Reduction Zone
The contamination reduction zone is a transition area between the exclusion zone and support zone or
clean area. Final decontamination operations are performed in the contamination reduction zone prior to

entry to the support zone. The contamination control line separates the contamination reduction zone
from the support zone.

1.6.3 " Support Zone
The support zone is an uncontaminated of clean zone where workers should not be exposed to hazardous

conditions. The support zone starts at the western edge of Watt Road, and the vicinity of wells 14-MW-6
and 14-MW-7. Typical activities included in this zone consist of:
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. Interfacing with field teams, clients, and regulators;
. Eating and drinking; and
. Maintaining site security, PPE, supplies, and work vehicles.

Site visitors must remain in the support zone unless they obtain specific permission from the site safety
officer to enter the contamination reduction zone or the exclusion zone Appropriate PPE must be put on
before such an entry is made.

1.7 PERSONAL PROTECTIVE EQUIPMENT

1.7.1 General

Selection of the appropriate PPE is required before work can begin. Key factors involved in this process
are identifying known and suspected hazards or routes of entry, and effectiveness of the PPE in providing
a barrier to these hazards. Appendix B to 29 CFR 1910.120 “General Desctiption and Discussion of the
Levels of Protection and Protective Gear” offers guidance regarding the specification and application of
PPE. The PPE prescribed in the plan is based on this guidance

Personal protective equipment is divided into four categories based on the amount of protection it
provides. Level A is the highest level of protection and Level D is the lowest. Level D will be the most
likely protection level used during the drilling, substrate injection, and groundwater sampling activities
Levels A and B require self-contained breathing apparatus or supplied air. Level C requires air-purifying
respitators. If vapor concentrations in the breathing zone are 5 ppm or more above background, Level C
protection will be required. Levels A and B are neither anticipated nor petmissible under this project-
specitfic Health and Safety Plan. If organic vapor concentrations measured with a FID are more than 25
ppm above background, requiring Level B protection, the work will immediately be stopped. The Project
Health and Safety Manager will then be informed, approve use of Level B protection, and write a site-
specific health and safety plan that addresses use of Level B PPE before work can be resumed at the site.

1.7.2 Minimum PPE
1.7.21 Minimum PPE for Drilling Activities

The level of protection presciibed under this plan is Level D. All personnel performing field work,
including subcontractors will use Level D protection This protection will include, as a minimum:

J Work apparel appropriate for the task to be performed. This generally means a sleeved
shirt and long pants;

. Steel-toed boots;

. Safety glasses o1 goggles (ANSI§ 87 1);

. Hard hats when overhead hazards aie present and in hard hat designated areas;
. Nitrile outer and inner gloves for handling potentially contaminated materials;

A disposable dust mask or respirator with a minimum of a P100 filter during site work
conditions when dust is present and persistent; and
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. A respirator with an organic vapor/acid gas cartridge and a P100 filter duting site work
where organic vapors exceed the action Jevel (5 ppm) but are less than 25 ppm

Because direct contact with contaminated soil is likely, disposable coveralls such as Tyvek, gloves, and
safety glasses will be worn during drilling and sampling opezations.

Visitors may use modified Level D PPE without gloves as long as they remain in the support zone.
1.7.2.2  Minimum PPE for iSOC Installation and Operation Activities
Subcontractors and personnel may come in contact with various hazards associated with the ISOC system

during installation ~Main hazards involve the movement of heavy objects and highly pressurized
cylinders. When installing the iSOC systems, the minirnum PPE required is:

. Steel-toed rubber boots;
. Safety face shield or glasses; and
» Hard hats (when overhead hazards are possible).

1.7.2.3 Minimum PPE for ESO Injection Activities

Subcontractors and personnel may come in contact with ESO during injection activities. Though ESO is
food grade and non-toxic, the minimum PPE required is:

. Water-resistant work apparel appropriate for the task to be performed,
. Steel-toed rubber boots; and
. Hard hats.

1.7.3 Upgraded PPE

The level of protection will be upgraded from Level D to Level C when respiratory hazards of dust o
organic vapors require this action When monitoring equipment indicates elevated organic vapors in the
work area, the Site Health and Safety Manager and his/her designee will take immediate action to:

. Warn the workers of this condition,
. Stop work if an action level has been reached or exceeded; and
. Decide to eithet upgrade PPE and continue work or stop wotk altogether if work cannot

continue in a safe manner.

The PPE will then be upgraded to address the new condition. The readings from monitoring equipment
and actions taken will be documented.

1.7.4 PPE requirements

The chart below is a simplified description of the PPE requirement. The default PPE specification is
Level D
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LEVEL C Modified Level C—no skin hazards Standard Level C—skin hazards present

Respiratory s Air-purifying respirator, full face |  Air-purifying respitator, full face, for
hazards e Madified Level D equipment organic vapor hazards
present e All standard Level D equipment
LEVEL D Modified Level D—no skin hazards Standard Leyvel D—skin hazards present
No respiratory | ¢ Long pants, sleeved shitt » (Chemical resistant coveralls, e g, Tyvek
hazards ¢ Steel-toed boots s Steel-toed boots

e Safety glasses * Safety glasses

e Nitrile outer gloves with liner » Nifrile outer gloves with liner

o  Hard hat, when appropiiate * Hard hat, when appropriate
1.8 DECONTAMINATION
18.1 Pexrsonal Protective Equipment

Disposable PPE will be changed daily, decontaminated with Alconox soap and waier, and placed in the
domestic trash. Gross contamination on PPE, including boots, will be removed in the exclusion zone
using Alconox soap and water. PPE will be final-cleaned and removed in the contamination reduction
zone.

1.8.2 Equipment and Materials

Tools, sampling equipment, and other related materials will be decontaminated in the exclusion zone.
Decontamination will consist of scrubbing equipment with a brush and potable water and Alconox
solution until all visible contamination is removed, and rinsing twice with potable water Equipment will
be additionally rinsed with Type I reagent water when it will be used for sampling. Heavy equipment
will be cleaned of gross contamination in the exclusion zone and thoroughly decontaminated with soap
and water at the central staging area. The central staging area will be west of Watt Road while drilling is
under way.

1.8.3 Decontamination Solutions

Decontamination water will be stored in a portable tank and transported to a holding tank at the Agena
Tank Farm. The holding tank will be sampled at the Agena Tank Farm and analyzed for contaminants of
concern Based on analytical results, decontamination solutions will be disposed of appropriately.

1.84 Personal Hygiene

All on-site personnel will maintain good hygiene practices. On-site personnel will wash hands and face
immediately upon completion of site activities, Smoking, cating, and drinking are allowed only in the
support zone. Personnel must wash their hands and face before smoking, eating, or drinking.
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Table C-1
Emergency Resource Information

Local/Site Resources Name Phone
Police VAFB Secuity 911/cell phone: 805-606-3911
Ambulance VAFB Emergency 911/cell phone: 805-734-4117
Fire VAFB Fire Emergency 911/cell phone: 805-734-4117
Division Health and Safety Manager Chris McClain 626-351-4664 x 2542
Project Health and Safety Manager Jennifer Higgins 805-681-3100x 114
Site Health and Safety Officer Matt Peterson 805-681-3100 x 112

cell phone: 805-455-5064
Project Manager David Springer 805-681-3100 x 162
Site Superintendent Dave Fenity 803-681-3100 x 124

cell phone: 805-455-0608
AFCEE COR Kathleen Gerber 805-606-9834
VAFB IRP Site Manager Andrew Edwards 805-605-8684
Medical Advisor/Client Rep. Wotk Care 800-455-6155

Poison Information
CHEMIREC
Center for Disease Control

National Response Center

HAZMAT Spill Response Team Beeper

Other(s)(HAZMAT Response)

Joe Parker, A.J. Diani

800-764-7661
800-424-9300
404-639-3534
800-424-8802
805-169-1035
805-925-9533

<Table C-1_EmergencyContacts xis>4/11/2003



Table C-2

Potential Contaminants of Concern

IRP Site 13 Cluster, OU4
Vandenberg AFB, California

IRP Site Number and
Description Site Description Chemicals of Potential Concern
13 Cluster Soil Metals (As, Cd, Co, Pb, Mo, Ni, Se, Zn)
ABRES-A Canyon ¢is-1,2-Dichloroethene
Chloroform
1,1,I-Trichloroethane
Trichloroethene
Total petioleum hydrocarbons as diesel
Groundwater Metals {As, Cd, Cu, Co, Hg, Fe, Mg, Mn, Mo, Ni, Pb Se, 11, Zn})
1,1-Dichloroethene
cis -1,2-Dichloroethene
trans -1,2-Dichloroethene
iCE
Vinyl chloride
Carbon disulfide
Acetone
4-Methyl 2-pentanone
Methyl ethy! ketone
Metals:

As - Arsenic

Cd - Cadmium

Co - Cobalt

Cu - Copper

Fe - Iron

Hg - Mecuy

Pb  -Lead

Mo - Molybdenum

Mg - Magnesium

Mn - Manganese

Ni - Nickel

Se - Selenium

11 - Thallium

Zn  -Zinc

<Table C-2COC list xls>4/11/2005



Table C-3

Contaminants of Concern with Threshold Limit Values and Permissible Exposure Levels

IRP Site 13 Cluster, OU4
Vandenberg AFB, California

Contaminant of Concern Form PEL! STEL'
Arsenic Arsenic and inorganic 001  mg/m’ N/A
arsenic compounds
Cadmium Metal dust 0005 mgm’ N/A
Soluble salts 0005 mgm’ N/A
Cobalt Metal fumes and dust 002 mym’ N/A
Copper Metal fumes 001  mgm’ N/A
Salts, dust, and mist 1 mg/m’ N/A
Iron Soluble iron salts 10 mg/m’ N/A
Lead Dust and fume 005 mgm’ N/A
Manganese Manganese and 02 mgm’ N/A
componnds as Mn
Magnesiam Magnesium oxide fume 100 mg/m® 3 mg/m’
Mercury Alkyls as Hg 001  mgm’ 0.03  mg/m’
As vapor 005 mgm’ N/A
Inorganic compounds 0.01 mg/m3 N/A
Molybdenum Metal, insoluble 160 mgm’ N/A
Soluble compounds 5 mg/m’ N/A
Nickel Insoluble 1 mg/m’ N/A
Soluble 01 mgm’ N/A
Selenium Selenium compounds as 02 mg/m3 N/A
Se
Thallium Soluble compounds as T1 01  mgm’ N/A
Zinc Fumes 50 mgm’ N/A
Dust 100 mg/m’ N/A
1,1-Dichloroethene 1 ppm N/A
cis-1,2-Dichloroethene 200 ppm N/A
trans-1,2-Dichloroethene 200 ppm N/A
1,1,1-Trichloroethane 350 mg/m3 450  ppm
Trichloroethene 25 ppm 160 ppm
Viny! chloride 1 ppm N/A
Catbon Disulfide 4 ppm 12 ppm
Acetone 750 Ppm 3000 ppm
4-methyl 2-pentanone 50 ppm 75 ppm
Methyl Ethyl Ketone 200 ppm 300 ppm
Definitions:
mg/m3 - milligrams per cubic meter
N/A - not applicable
PEL - Permissible Exposure Limit
Ppm - partts per million
STEL - Short Term Exposure Limit
Note(s):
1 - California Code of Regulations, Title 8, Section 5155 Airborne Contaminants

<Table C-3_STELs TL Vs xls=4/11/2005
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Tetra Tech, Inc. ATTACHMENT C-1
SITE SAFETY PLAN CONSENT AGREEMENT
Form 5.3-3

I have reviewed the Tetra Tech, Inc., Site Safety Plan for _Site 13CIRA . I

understand its contents and purpose and consent to adhere to its policies, procedures,

and guidelines while an employee of Tetra Tech or its subcontractors.

Employee Name (Print) Emplovee (Signature Company (Print) Date

Site 13 Cluster EE/CA, C-1 <Att 1 doc> 4/5/2005
Health and Safety Plan Addendum



ATTACHMENT C-2
TETRA TECH, INC

DAILY TAILGATE SAFETY MEETING FORM

Date: Time:

Client:

Project No;

Site Location:

Site Activities Planned for Today:

Safety Topics Discussed

Protective clothing and equipment:

Chemical hazards:

Physical hazards:

Environmental and biohazards:

Equipment hazards:

Decontamination procedures:

Other:

Review of emergency proceduxes:

Employee Questions or Comments:

Form HST-2 (Rev 11/99)

Page 1l of 2
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Alternative #3 - In-Situ Bioremediation Treatment Duration

Watt Road location:

The aquifer cross section dimensions for Watt Road extraction barrier are assumed as
follow: 150 foot length and 80 foot height. At an approximate averaged groundwater
seepage velocity of 1.2 feet per day (ft/day), and an assumed porosity of 0 32, the
following volume of ground would flow through this idealized cross section:

Cross sectional area of flow = 150 ft * 80 ft = 12,000 ft*

Effective cross sectional area of flow = 12,000 ft* * 0.32 = 3,840 ft®

Total water flow through cross section = 3,840 £ * 1 2 ft/day = 4,608 ft’/day
Gallons water flow through cross section = 4,608 {t*/day * 7 48 gallons/ft® = 34,467
gallons/day

15 wells spaced at 10 feet intervals will form a bartier to intercept the plume migrating
through the cross section.

Treatment duration calculation:

Modeling and aquifer parameters:

For the alluvial aquifer (beneath ABRES-A Lake), average K = 13 ft/day; for dune sand
(paleochannel aquifer), average hydraulic conductivity, K = 45 ft/day;

uniform hydraulic gradient of 0.01;

average porosity of 0.32,

Based on these values, VOC travel is estimated as follows:

Estimated separation distance between source and Watt Road: 1,900 feet

Estimated separation distance between Wait Road and downgradient batrier (railroad):
1,590 feet /

Groundwater velocity beneath Lake: 0.4 ft/day
Groundwater velocity beneath Watt Road and downgradient barrier: 1.2 ft/day

Travel time between source and Watt Road
= 1,900 ft / 0.4 ft/day = 4,750 days / 365 days/yr = 13 yeats.

Travel time between Watt road and west bariier
= 1,590 ft / 1.2 ft/day = 1,325 days / 365 days/yr = 3.6 yeas.

Therefore, a barrier at Watt Road must be maintained for 13 years after source area
removal, which is assumed to be 3 years out. Total POP at Watt Road = 3 years source
removal + 13 years source area transport = 16 years. This represents a conservative
scenario since degradation, dilution and dispersion will all sexve to reduce VOC
concentration over the course of their migration toward Watt Road.

We need only maintain the downgradient barrier for 3.6 years after clean up at Watt Road,
which we will assume is 2.4 years out (EE/CA + installation + injection + time for



dechlorination). Total POP at downgradient bariier = 2 4 years to cleanup Watt Road + 3.6
years down gradient trtansport = 6.0 years
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ISOC™ SYSTEM QUOTATION

Quotation | Rep.
Provided By:
Tel
Fax
Email

Rey Rodriguez, HyO*R* Consulting Engineers, Inc,
2030 East Route 66, Suite 200
Glendora, CA 91740

626 852-1235, 626 622-5090 Cell Phone

626 852-1285

REYRH20R2@AOL.COM

Customer (site owner): To be Provided

Site Location/Name: To be Provided

Bifl to: Ship To (if Different that Billing Address):
Company | Tetra Tech, Inc. Company
Name David Springer Name
Address | 4213 State Street, Suite 100 Address
City Santa Barbara City
State CA State
Zip Code | 93110 Zip Code
Tel: (805) 681-3100 Tel:
Fax (805) 681-3108 Fax
E-mail david.springer@tetratech.com E-mail
Fed ID # . Fed ID #
PO# PO#
Qty Description Unit Price Total
2 iISOC Units (To Be Purchased) US$ 3500.00 $7,000.00
iISOC Units (To Be Rented for ______ US$ 300/mo.
months)
First & Last month: $___
Monthly Payments: $
Total rental $:
amount:
3-ISOC Unit Control Panel (Purchase only) Us$ 1,250.00
2 1-ISOC Unit Control Panei (Purchase only) US$ 750.00 | $1,500.00
Other terms and conditions:
Shipping & Handling - $290.00
Total Due InVentures Technologies Incorporated $8,790.00

Page 1 of 2




Date of Quotation: April 15, 2004

Quotes Are Valid For 45-Days from Date of Quotation

Anticipated Ship Date (Flease Allow 5-10 days): 4/16/04

inVentures Payment And Rental Policy

Payment Terms: 30% on order. Balance net 30 days. All funds are in Us$

Payment By Courier: Send to inVentures Technologies Incorporated {iTi), 670 Wilsey
Road, Fredericton, NB, E3B 7K4, Att: J McCain, Telephone: 506-462-9080.

Payment Transfer: iTi Wire Transfer Account: 00884-003-4002077,

Special Notes:
* inVentures Technologies incorporated will invoice separately for iSOC equipment
* The customer acknowledges and agrees to abide by the rental terms and conditions
appended to this quotation, in the event that the customer wishes to rent the iSOCs.
* The iSOC Control Panels are available for purchase only
On the purchase order please provide Company name, Contact name, Shipping
address, Phone and Fax and Purchase Order and Federal ID #.

ISOC™ Rental Policy:

¢ Rentalrate for an iSOC™ unit is $300 per month payable to iTi

* Minimum six (8) month rental

» Customer may receive used, reconditioned or new equipment at the beginning of
the rental period at the discretion of iTi '

* Atthe end of $ix {8) months, the customer has the option to convert the rental to a
purchase and apply cne half (1/2) of the rental, being nine hundred dollars ($900) to
the purchase price of $3500, thereby paying a balance of $2600 for each ISOC unit.

» In the event that the customer received used equipment at the beginning of the
rental, iTi will replace the used iISOCs™ with new iSOCs™ at the customer’s option
if the customer pays the shipping and handling costs fo return the used iISOCs™ to
iTt and the shipping and handling costs for the new iSOCs™.

+ Inthe event that the customer received new iSOCs™ at the beginning of the rental,
there is no provision for new iSOCs™ if the customer chooses to convert the rental
to purchase.

» _Customer is responsible for return shipment of iSOCs to inVentures.

How To Order iSOC™ System Technology

Contact sales representative noted on this quotation {phone, fax or email).

Fax purchase order to the sales representative noted on this quotation.

www.isocinfo.com
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ENVIRONMEN 4L

April 15, 2004

Andrea Resch

Tetra Tech Inc.

4213 State Street

Suite 100

Santa Barbara, CA 93105

RE: Preliminary Proposal for use of Soluble Remedial Substrate (SRS) Watt and RR
Locations at a Confidential Site

Andrea:

Thank you for the opportunity to supply the following information on Enmmlsified
Vegetable Oil application at above site.

Based on the information provided we have used the following assumptions in generation
of the SRS requirements for the two areas:

Watt RR
Aquifer Parameters: ‘
Width of Plume: 150 feet 150 feet
Depth of groundwater: 80 feet 35 feet
Soil: Silty Sand Silty Sand
Total porosity: 038 0.38
Effective porosity: 0323 0.323
Hydraulic conductivity: 34 ft/day 3.4 ft/day
Hydraulic Gradient: 0:01 fi/ft 001 fi/ft
Electron donor demand:
vC 0.04 mg/L 0.04 mg/1.
cis-1,2-DCE 044 mg/1, 044 mp/1.
Oxygen: 0.44 mg/L 044 mg/l,
Nitrate: 0.0 0.0
Est. Mn demand: 04 mg/L 0.4 mg/L
Est Fe demand: 7.50 mg/L 7.50 mg/L
Est. sulfate reduction demand: 202 mg/L 202 mp/L

Thete will be 15 wells with a spacing of 10 feet.

5900 Katella Ave - Cypress, CA 90630 - tel: 562.795.7598 - fax: 562.795.7597
www.environmentalh2o.com - csandefur@environmentalh?o .com



Confidential Page 2 4/15/2004

Based on an application interval of 10 vertical faet, we estimate the following quantities
of SRS will be necessary:,

App. Time Interval (Y1s) Area Name SRS (lbs )
3 Watt 1,637
3 RR 1,637
Total 3,274

App. Time Interval (Y1s) Area Name SRS (Ibs )
5 _ Watt 2,424
5 RR 2,424

Total 4,848

Costing;
3yr supply: 3,274 Ibs @ $6.00/1b. $19,644* , -
5yr.supply: 4,848 1bs @ $550/b. $26,664* W/ BF. 25 % 5a“*°ﬂ+m‘~ -
29,57%

* The above prices do not include shipping or applicable tax

NOTE: Injection of SRS via a series of permanent injection wells should be immediately
followed by a clear water chaser. This will move SRS out of the well casing as well as
flush it further into the aquifer. This is particularly appropriate for the Watt Area where
DTGW is at about 80 feet bgs.

Thank you for the opportunity to provide this preliminary cost proposal for use of SRS. 1
would be pleased to discuss this further with you as necessary.

Best Regards,

Craig A. Sandefur
Environmental O

\\DcTenvironmental h20'Proposals\Tstra Tech\Santa Barbara Office\Preliminary SRS Proposal 04-15-04. doce
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Alternative #4 — Chemical Oxidation calculation

Watt Road location:

Targeted aquifer dimensions for Watt Road extraction barrier are assumed as follow:

150 foot length; 80 foot height; and 10 foot thickness. At an approximate averaged groundwater
seepage velocity of 1.2 feet per day (ft/day), and an assumed porosity of 0 32, the following
volume of ground would flow through this idealized cross section:

Cross sectional area of flow = 150 fi * §0 ft = 12,000 ft

Effective cross sectional area of flow = 12,000 fi* * 032 = 3,840 %

Total water flow through cross section = 3,840 fi* * 1 2 ft/day * 7 48 gallons/ft’ =34,467gallons/day
(gpd)

With a low natural organic carbon content in the dune sands and a dissolved phase VOC plume, it is
estimated that KMnQOy would persist in the aguifer for 120 days following injection. Subsequent
injection would be completed at 120 day intervals to replenish the consumed oxidant. This
assumption would be subject to verification by completing a simple bench scale oxidant demand
study. Using this assumption:

120 days * 34,467 gpd = 4,136,040 galions of water, or 15,707,335 liters of water would require
treatment. This incoming groundwater is assumed to have a concentration of total DCE of 350
ug/L, and vinyl chloride of 10 pg/L

Total mass of DCE (from 2004 monitoring dart) is calculated as 15,707,335 * 350 pg/L
* (1gram/10° ug) = 5,501 grams, or 5.5 kg DCE.

Total mass of VC is calculated as 15,707,335 * 10ug/L * (1gram/10° pg) = 157 grams, or 0.16 kg

Using an average weighted ratio of KMnO, mass to DCE mass of 2.6:1 and to VC mass of § 0; the
minimum mass of solid KMnO, mass is calculated as [(2.6 * 5 5) + (8.0%0 16)] = 15.58 kg To
account for competing reaction with other groundwater constituents and soil matrix effects (i.e. the
high organic peat layets in deep aquifer sediments at Wait Road), a ratio of 15:1 is applied, vielding
a total estimate pure KMnO, mass of 15.58 * 15 = 233.7 kg, or approximately 515 3 pounds.

Since KMnO, is available in a 2% powder form in groundwater, 515 3 pounds / 0.02 = 25,765
pounds would be injected every 120 days.

Down gradient Railroad location
The total mass of DCE at this location (from 2004 monitoring data) is calculated as 15,707,335
liters * 40 * (1gram/10°® ug) = 628 grams, or 0.63 kg of DCE.

Total mass of VC is calculated as 15,707,335 * 2ug/L. * (1gram/10° pg) =31 4 grams, or 0.03 kg.

Using an average weighted ratio of KMnO; mass to DCE mass of 2 6:1 and to VC mass of 8.0: the
minimum mass of solid KMnO, mass is calculated as [(2.6 *0 63) +(8.0*0 03)] = 1.88 kg.

"To account for competing reaction with other groundwater constituents and the soil matrix, a 15:1
1atio is applied, yielding a total estimate pure KMnO, mass of 1.72 * 15 =258 kg, or
approximately 57 pounds. Since KMnO, is available in a 2% powder form in groundwater, 57
pounds / 0.02 = 2,850 pounds would be injected every 120 days.
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Aliernative #5 — GW Extraction Calculation

Watt Road location:

The aquifer cross section dimensions for Watt Road extiaction barrier are assumed as
follow: 150 foot length and 80 foot height. At an approximate averaged groundwater
seepage velocity of 1.2 feet per day (ft/day), and an assumed porosity of 0.32, the
following volume of ground would flow through this idealized cross section:

Cross sectional area of flow = 150 ft * 80 ft = 12,000 ft*

Effective cross sectional area of flow = 12,000 f® * 032 = 3,840 ft*

Total water flow through cross section = 3,840 £t * 1.2 ft/day = 4,608 ft3/day
Gallons water flow through cross section = 4,608 ft*/day * 7 48 g.gallons,r’ft3 = 34,467
gallons/day

8 wells are required to intercept the plume migrating through the cross section. We
estimate the radius of influence of 12 feet per well with partial overlapping between
extraction well radii.

Required pumping rates in gallons per minute (gpm) per well are estimated as follow:
34,467 gpd/ 8 wells = 4,558 gpd / well * 1day /24 hr * 1 hr / 60 min = 2.8 gpm pex well

Treatment duration calculation:

Modeling and aquifer parameters:

For the alluvial aquifer (beneath ABRES-A Lake), average K = 13 ft/day; for dune sand
(paleochannel aquifer), average hydraulic conductivity, K = 45 ft/day;

uniform hydraulic gradient of 0 01;

average porosity of 0.32.

Based on these values, VOC travel is estimated as follows:

Estimated separation distance between source and Wait Road: 1,900 feet

Estimated separation distance between Watt Road and downgradient bartier (railroad):
1,590 feet

Groundwater velocity beneath Lake: 0 4 ft/day
Groundwater velocity beneath Watt Road and downgradient barrier: 1.2 ft/day

Travel time between source and Watt Road
= 1,900 ft / 0 4 ft/day = 4,750 days / 365 days/yr = 13 years.

Travel time between Watt road and west barriet
=1,590 1t/ 1.2 ft/day = 1,325 days / 365 days/yr = 3.6 yeats.

Therefore, a bartier at Watt Road must be maintained for 13 yeats after source area
removal, which is assumed to be 3 years out. Total POP at Watt Road = 3 years source
removal + 13 years source area transport = 16 years. This represents a conservative



scenario since degradation, dilution and dispersion will all serve to reduce VOC -
concentration over the course of their migration toward Watt Road.

We need only maintain the downgradient barrier for 3 6 years after clean up at Watt Road,
which we will assume is 2 4 years out (EE/CA + installation + injection + time for
dechlorination). Total POP at downgradient bartier = 2 4 years to cleanup Watt Road + 3 .6
years down gradient transport = 6.0 years

A
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E.1 EVALUATION OF TEMPORARY RISKS AND POTENTIAL
IMPACTS

The forthcoming Site 13C IRA Work Plan will outline all field activities including drilling
actions, addition of groundwater amendments to facilitate in-situ bioremediation, and O&M
activities The installation of the injection and monitoring well array will require approximately
2-3 months and O&M will continue throughout the period of performance, as determined by the
Alr Force.

E.1 Worker Health and Safety Plan

Appendix B is a Health and Safety Plan developed to protect workers during implementation of
the IRA.  The plan describes general site conditions and addresses potential hazards posed by
chemicals in the environment, waste materials, and by working near heavy equipment.
Subcontractors engaged in removal activities will follow the requirements of the Plan and sign the
accompanying Health and Safety Plan Consent Sheet(s).

E2 Environmental Protection Plan
The environmental protection plan described in this EE/CA will be implemented during field

activities to minimize short-term effects on surrounding environmental conditions. Components
of the environmental protection plan described below include:

. Earth;

. Aur;

. Surface water and groundwater;
. Plant life;

. Animal life;

. Land use;

. Natural resources;

. Risk of upset;

. Transportation/circulation;
. Public services;

. LEnergy;

. Utilities;

. Noise;

. Public health and safety;



. Aesthetics;

. Cultural/paleontological tesources;
. Cumnulative effects;

. Population;

. Housing; and

* Recreation,

These components have been recognized in California Environmental Quality Act {CEQA) as
environmental concerns that should be addressed prior to any project that has the potential to
affect them. The following discussion describes environmental concerns and mitigation, if
necessary, for the IRA at Site 13C.

Earth

Installation of injection wells and monitoting wells and injection of amendments to the
groundwater would have short-term impacts on soils during implantation of the IRA. Drill rigs,
injection equipment, and earthmoving equipment used during remedial activities may affect
surface soils. During O&M activities, minimal effects to surface soils will occur when driving
vehicles to each well location. Equipment operation and travel will be limited to only what is
necessary to complete the removal action to minimize impacts to onsite native soils

Air

Vehicular traffic into and out of Site 13C will be on asphalt and/or concrete. Due to drilling
locations located in sand dunes at both sites, vehicle traffic may cause dust to get into the air.
Dust control measures (such as application of water) will be used if dust is generated.

Surface and Ground Water

The IRA will not distub surface water at Site 13 C. Groundwater will be injected with an
amendment and subsequently monitored during the IRA  This activity will help to eliminate
groundwater contamination 1esulting in a future beneficial effect,

Plant Life

No effects to vegetation are anticipated during the removal action at Site 13C. Drill rigs,
injection equipment, and earthmoving equipment used during IRA implementation would avoid
vegetation where possible. Equipment operation and travel will be limited to only what is
necessary to complete the removal action to avoid impacts to onsite vegetation.

Animal Life

The IRA at Site 13C would not significantly affect animal life. Short-term construction would
occur at the site during the removal action and may tempozarily affect localized habitat use due to
noise disturbance. Fieldwork for the Site 13 IRA will be scheduled to accommodate for snowy
plover nesting season '

E-2
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Land Use
The IRA at Site 13C would not alter the present or planned land use at this site.
Natural Resources

No effects on natural resources are anticipated during the IRA at Site 13C. The proposed IRA
would not result in an increased rate of use of natural resowrces, nor would it result in any
substantial depletion of nonrenewable resources

Risk of Upset

No risk of upset is posed from the removal action at Site 13C. The IRA would not increase risk
of an explosion or the release of hazardous substances in the event of an accident or upset
conditions  The removal action would not interfere with community response plans or public
emergency evacuation plans

Transportation/Circulation

Minimal short-term transportation impacts would result from the IRA at Site 13C Once the
investigation derived waste (IDW) is analyzed it will be removed from the site for propet
disposal. It is estimated that 14 truckloads of soil generated from drilling activities will be hauled
away from Site [3C. Licensed waste haulers will transport contaminated sediments and all
California Department of Transportation requirements will be adhered to.

Public Services

There would be no effects on public service needs due to the IRA at Site 13C. No additional
police protection would be required. Possible fire hazards, such as vehicle sparks igniting brush
or vegetation, will be mitigated by requiring contractors to park in designated areas and by
equipping the removal action team with fire fighting equipment, such as fire extinguishers, and
shovels.

Energy

No effects on energy requirements (such as substantial increase in demand upon existing sources
of energy or a requirement of the development of new sources of energy) would result from the
IRA.

Utilities

No effects on utilities would occur from the IRA at Site 13C. Prior to excavation, a Base Civil
Engineer Work Request, 30 SW Form 35 would be obtained. This permit requires the notification
and approval of the base utilities shops and 30 Communications Squadron. Upon notification,
these divisions will flag the location of utilities such as telephone, fiber-optic, and electric lines in
the project area.

Noise

Some short-term noise impacts to workers will occur from the operation of machinery and trucks.
Wearing proper personal protective equipment (ie., earplugs or other hearing protection), as
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discussed in the Site-Specific Health and Safety Plan (Appendix B), will mitigate these impacts
Although the removal action will temporarily raise ambient noise levels in the project area, there
are 10 known sensitive noise receptors in the project vicinity Occupational Safety and Health
Administration regulations limiting noise exposure in the workplace will be followed to reduce
mmpacts in the project atea.

Public Health and Safety

No short-term impacts to public health and safety would occur during the IRA at Site 13C
Overall beneficial effects to public health and safety would 1esult from implementing in-situ
bioremediation Public health may be affected during the transportation of the IDW if an accident
were to occur. In the event of an accident, tiuck drivers will isolate the area of a spill and call
proper authorities.

Aesthetics

Short-term aesthetic impacts would occur during the IRA at Site 13C fiom the sight of

construction equipment. The only foreseen long term aesthetics effects would be the yellow well
monuments and bollards to be installed at each injection and monitoring well.

Cultural/Paleontological Resources

The IRA at Site 13C is not anticipated to disturb cultural or paleontological resources. However,
ptior to excavation, a Base Civil Engineer Work Request, 30 SW Form 35 would be obtained.

Approval would be obtained from 30 CES/CEVPC (Cultural Resources) prior to drilling. If

tequired, an archeological monitor will be on site during the IRA.

Cumulative Effects

Cumulative impacts to traffic, noise, and air quality would occur if the IRA were to coincide with
other nearby construction projects. No other construction activities are currentty known to occur

at the same time as the IRA, therefore there would be no expected cumulative effects.

Population

The IRA at Site 13C would have no effect on the location, distz ibution, density, or growth rate of

the local population.

Housing

TheIRA at Site 13C would not affect local housing needs.
Recreation

The IRA at Site 13C would have no effects on the quality or guantity of local recreation uses.
Site 13C is not open to the public and is not used for recreation.

E-4
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RESPONSES TO COMMENTS from the Regional Water Quality Control Board — Central Coast
Region dated 11 January 2005 on the Draft Site 13 Cluster Engineering Evaluation/Cost Analysis

General Comment 1: Scheduie

Based on the schedule shown in Table 3-1, the Draft Interim Removal Action (IRA) Work Plan will
be included in the Final EE/CA We cannot approve a decision document as final if it includes
material that we have not previously reviewed and accepted We suggest that the Air Force revise the
schedule to allow for regulatory review and appioval of the work plan prior to inclusion in the Final
EE/CA. Alternatively, the IRA Wotk Plan could be submitted as a stand-alone document and not
included in the EE/CA..

Air Force Response:
The Air Force will revise the Schedule to provide for regulatory review/approval of the IRA Work
Plan prior to inclusion in the Final EE/CA.

General Comment 2: Remedial Design

The discussion of alternatives contains some very specific design elements, such as injection well
spacing and quantity of substrate. We understand that it is necessary to make such assumptions to
compare the alternatives. However, the text should qualify thesc assumptions and indicate that the
details of the remedial design and supporting information (e g, technical basis for well spacing) will
be presented in the work plan.

Air Force Response:
The text in section 4 5 1 Screening of in-situ Bioremediation Alternatives, will be revised to state
that design specifics including substrate quantities and well spacing details will be addressed in
the IRA work plan, and are discussed in the subsequent sections to provide for a uniform basis
for alternatives comparison.

General Comment 3: Appendix B, Applicable, Relevant and Appropriate Requitements {ARARS)
We suggest that the Air Force designate one document (e g., Management Action Plan) as the general
reference for facility-wide ARARs. The discussion of ARARs in site documents could then be
limited to site or action-specific ARARs, which should also be discussed in the text of the site
document. This approach would expedite document review and ensure that all appropriate agencies
have an opportunity to review the ARARs. Please note that ARARs in Appendix E of the curtent
Management Action Plan (Final Revision 9, August 2004) need to be expanded as discussed in our
October 21, 2004 State (Regional Board and DTSC) letter. Also see Specific Comment 3.

Air Force Response:
Comment noted. The MAP is the appropriate source document for facility wide ARARs. Tt is
our understanding that the MAP will be appropriately updated in 2005 The revised ARARs
listed in the Draft 13C EE/CA are limited to chemical, location, and action specific ARARs

Specific Comment 1: Section 4.5.1.2, Alternative 3.B: Addition of HRC-X and ORC
Tt appears that the word "leach” in the 6™ sentence of the last paragraph should be "lead "

Air Force Response:
Comment noted. The word leach will be changed to “lead”, as was intended.



Air

Air

Air

Specific Comment 2: Section 5.2, Preliminary Schedule and Table 5-1
Please revise the schedule to address General Comment 1 and revise the dates shown in Table 5-
I to reflect the current status of the project.

Force Response:

The Air Force will add a statement in Section 5.2 indicating that regulators will be provided an
opportunity to review and appiove the Draft IRA Work Plan prior to its inclusion in the Final
EE/CA. Table 5-1 will be revised to reflect this issue and will be updated accordingly.

Specific Comment 3: Appendix B, Applicable, Relevant and Appropriate Requirements

The ARARs in Appendix B are generally consistent with current Regional Board ARARs Please
miake the following edits to the items as numbeied in Appendix B

Please expand the discussion under Comments as follows: "The Basin Plan for RWQCB CCR
assigns the beneficial use of drinking water to all groundwater in the region (with the exception of the
Soda Lake sub-basin). The Basin Plan supersedes Resolution 88-63, therefore, the beneficial use of
drinking water must be protected regardless of the Resolution's criteria "

Please correct "Discharge' as the beginning of the second sentence under "Description,”

Please delete this item since it redundant with Item 9.

All appropriate agencies that did not receive the EE/CA (e g., U.S. Department of Fish and Game and
Santa Barbara County) should also have an opportunity to review and comment on the ARARs.

Force Response:

9) The discussion will be expanded to include the language provided for the “Basin Plan”
ARAR.

10) Discharge will be replaced with “discharges”.

11) The second entry of Resolution 88-63 will be deleted as suggested, due to its redundancy.
The Draft Final EE/CA will be made available for public review, including but not limited to,
review by the California Department of Fish and Game, and Santa Barbara County

Draft Groundwater Treatability Study Report

General Commment 1: Evaluation of Test Results

The Treatability Study meets the objective of demonstrating that HRC-X can create conditions
conducive to complete dechlorination of contaminants of concern (COC). The presence of
ethene in conjunction with a significant decrease in the concentration of cis-dichloroethene (cis-
DCE) in the nearest downgradient well (14-MW-3) indicates that complete dechlorination is
occurting. The high volatility of cis-DCE's bicakdown products (vinyl chloride, ethene, and
ethane) probably accounts for the lack of a stoichiometric balance between parent and daughter
products. We suggest that the Air Foice evaluate the study results further and determine if the
data can be used to optimize subsequent remedial actions. For example, what can we conclude
about travel time, radius of influence, and required pore volumes of injectate?

Force Response:

The Air Force concurs with RWQCRB’s interpretation that the treatability study has met its otiginal
objectives. The text below expands on the findings of the treatability study, and addresses radius of
influence, travel time, and injectate volumes In accordance with RWQCB General Comment 2,
these issues are best addressed in the IRA Work Plan. The Air Force will include the write up below
in the Draft IRA Work Plan under a section entitled “Basis for Design”.



Tetra Tech recently completed a treatability study in the Watt Road embankment area, which was
injtiated in fall 2003 Monitoring data spanning 12 months following injection is summarized in
Appendix A of this IRA Work Plan. The objective of the study was to provide sufficient data to
allow freatment alternatives to be fully developed and evaluated during the detailed analyses, to
support remedial design of a selected alternative, and reduce the cost and performance uncertainties
for treatment alternatives to acceptable levels so that a final remedy can be selected.  The treatability
study assessed the ability of Hydrogen Release Compound, Extended Release Formula (HRC-X) and
Primer, products manufactured by Regenesis, to enhance already semi-anacrobic conditions within a
portion of the aquifer at Watt Road, and anaetobically degrade 1,1-DCE, trans-1,2-DCE, cis-1,2-
DCE, and vinyl chloride from groundwater near wells 14-MW-3, 14-MW-9, and 14-MW-10. The
area selected for the treatability study is characterized by naturally moderately reducing conditions
and contains DCE isomers and vinyl chloride at concentrations ranging from tens to hundreds of
micrograms pet liter.

On 11 through 12 November 2003, diluted HRC-X and undiluted Primer were injected into six
injection wells (wells 14-INJ-1 through 14-INT-6) positioned upgradient fiom three treatability study
monitoring wells in the paleochannel at Site 13 Cluster (Figure 1). Injection wells were installed as
nested well pairs, spaced at 10 foot intervals. Each of the three nested injection wells inclades a
screened interval within the upper aquifer and a separate screened interval within the lower aquifer

Following substiate injection, heated water was injected into each well to expand the radius of
injection and clear the injection wells The addition of Primer was designed to promote rapid dilution
and dispersion of clectron donot to quickly create anaerobic aquifer conditions in the targeted
treatment zone. The viscous, low solubility HRC-X was designed to 1emain relatively immobile
within the vicinity of the injection wells, and sustain the anacrobic conditions created by the Primer
through slowly releasing hydrogen. The high relative groundwater velocity {estimated as 12
feet/day) is rclied upon to dilute, disperse, and ultimately transport the injectate towards the
downgradient monitoring wells

Four monitoring wells were used to evaluate the effectiveness of the treatability study (Figure A-1 of
Appendix A). These wells include:
o upgradient existing well 14-MW-2, scicened in the decper zone, located near the western
edge of ABRES-A Lake, 440 feet upgradient of the injection well line;
o existing monitoring well 14-MW-3, screened in the decper zone, located 10 feet
downgradient of the injection well line;
o new well 14-MW-9, screened in the shallow zone, 25 feet downgradient; and
o new well 14-MW-10, screened in the deeper zone, located 35 feet downgradient of the
injection line.

Results for the first twelve months of monitoring are provided in Appendix A of this IRA Work Plan.
Monitoting data indicate that subsurface aquifer conditions within the treatment zone have been
appropriately changed to strongly reducing, with a resultant decline in targeted constituent
concentrations (primarily cis-1,2-DCE) completely through the ethane (the end product of sequential
dechlorination of the parent compound DCE), without an increase of intermediate daughter product
vinyl chloride above historically measured levels (Table A-1 and Figures A-2 through A-8 of
Appendix A). Detectable metabolic acids in monitoring wells indicate breakdown of HRC-X and
Primer in the treatment zone (Table A-2 of Appendix A). This process provides the hydrogen ions
necessary for mictobes to degrade chlorinated solvents present in the zone of influence. In addition,
various water quality parameters (i.e. dissolved oxygen, oxidation-reduction potential, methane,
sulfide, etc ) support an interpretation of enhanced reducing conditions (Table A-3 of Appendix A)
The injection zone and associated wells continue to be monitored quarterly under the BGMP.



Evaluation of the groundwatet monitoring data from treatment zone monitoring wells associated with
the Watt Road HRC-X injection treatability study yields some important findings as they relate to
radius of inflience and injectate travel time issues associated with the proposed Wait Road
emmbankment IRA implementation. Specifically, the monitoting data were evaluated for:

e changes in cis-1,2-DCE concentrations, and production of degradation by products vinyl
chloride and ethane;

e increases in TOC and presence of metabolic acids signifying presence and breakdown of the
injected substiate; and

» presence of indicator parameters supporting interpretation of anaeroblc conditions including
low DO and ORP values, detectable methane, sulfide and Fe’', and reductions in
concentrations of alternate electron acceptors (sulfate and nitrate).

Radius of Influence

As a first order approximation, the total volume of injected fluids (664 gallons) is estimated to
comprise less than 10% of the total volume of the aquifer extending a radial distance of 10 feet
around each of the three injection wells, Therefore, from a standpoint of total fluid displacement, an
insufficient volume of injectate was added to completely displace the groundwater residing in the
treatment zone between the injection wells and the monitoring wells. A specific chemical tracer was
not added to the injectate used in the treatability study, therefore the effects of substrate injection at
distance from the injection wells must be assessed by evaluating geochemical changes in the
parameters listed in the above bullets. The most approptiate geochemical “tracers” fo use in this case
are total organic carbon and metabolic acids, which are a direct result of substrate presence and
substrate breakdown, respectively. Due to the relatively high cost of installing monitoring wells at
Site 13C, monitoring data is limited to one upgradient well and three downgradient wells.

Monitoring wells constructed within the deeper aquifer (14-MW-3 and 14-MW-10) each indicated
increases of TOC above background within 2 months following injection, indicating the arrival of
injection fluid. TOC for well 14-MW-9 did not rise significantly over its baseline value (Table A-3).
The presence of metabolic acids is most pronounced for well 14-MW-10 after 2 months where acetic,
lactic and propionic acids were present at concentrations of 47, 73, and 55 mg/l, respectively (Table
A-2) Wells 14-MW-3 and 14-MW-9 indicated lower values of metabolic acids, primarily acetic
acid, after 6 months time Collectively, the available data confirm that the injection fluids and/or
breakdown products from the injection fluids have reached the monitoring wells spaced from 10 to 35
feet downgradient from the injection well array. Changes are most pronounced in the deeper zone
wells where the VOC concentrations are also greatest (Table A-1).

Following the initial injection activity, the substrate begins to break down and move downgradient
(west) in the aquifer in response to the regional gradient. During this downgradient movement,
dispersion occurs which effectively expands the radius of influence of the injection well array in the
downgradient direction. Guidance documents indicate that appropriate well spacing for permeable
formations to be 10 to 15 feet for “viscous fluid systems”, and 20 to 30 feet for larger volume soluble
substrate systems (AFCEE 2004). Based on review of the limited existing monitoring data, there is
no evidence of lateral gaps in the treatment zone For a larger scale injection barrier, the existing well
spacing of 10 feet (ROI of 5 feet) is proposed to be expanded to a well spacing of 20 feet, with a
contingency for additional injection wells to be added at a later date, based on evaluation of process
monitoring data.



Travel Time

To assess the travel times of the injectate, measured as the duration between first injection and first
detection at a monitoring well, the MNA parameters available from the three monitoring wells were
evaluated with respect to significant changes above background (i.e. accounting for changes in
upgradient well 14-MW-2) following injection. Data are available at monitoring events at 10 days
following injection, at 1 month, 2 months, 3 months, and quarterly thereafter for 9 months (Table A-
3). Where significant changes were observed in laboratory data, the monitoring event following
injection, in days, was used to estimate travel time, and the travel time was divided by the separation
distance between the monitoring well exhibiting the changes from the injection well array (in feet), to
artive at an estimated 1ate of travel in feet per day.

Referring to well 14-MW-3, positioned 10 feet from the injection wells, TOC shows a significant
change compared to background (14-MW-2, which showed essentially no change over 9 months)
during the 1 month event. It is possible that the soluble Primer may have moved past well 14-MW-3
between the 10-day and 1 month events. This yields a calculated time of 30 days to travel a 10 foot
distance (0.3 feet per day), and perhaps a bit faster. Metabolic acids are not detected at month 1 for
well 14-MW-3 (Table A-2). A second arrival fiont appears at the 6 month interval in the data. lhis
is interpreted to represent the arrival of the slower moving HRC-X. Showing significant changes at 6
months are increases in methane and ethene, total salfide, and alkalinity, with declines in sulfate over
background (Table A-3). These parameters are consistent with the arrival of a reducing front,
interpreted to cotrespond to the travel time for the HRC-X to reach monitoring well 14-MW-3.
Travel time of HRC-X is estimated at 6 months over 10 feet (0 .06 feet/day).

Refeiring to well 14-MW-10, the most marked change is seen for increases in TOC, alkalinity, and
sulfide, as well as metabolic acids, all consistent with arrival of the injectate, after 2 months compared
to background (Tables A-2 and A-3). Also, methyl ethyl ketone (MEK) is first observed during the 2
month event, suggesting a fermentation process, typically associated with stronger (i e. faster acting
Primer) reactions (Table A-1). MEK was also detected in months 3, 6, and 9, but has declined to
below detection limits in the 12 month event lherefore a travel time of 60 days is used, with a
separation distance of 35 feet from the injection array, to yield an estimated rate of travel rate of 0.58
feet/day for well 14-MW-10. This rapid movement is attributed to amival of the high solubility
Pumer. A second migration front is appearing in the MNA dataset at 9 months (Table A-3). This
slower front is characterized by lower concentration but detectable metabolic acids, declining MEK
concentrations, and increasing sulfide and methane over background (see Appendix A).

Substrate Mass Calculation

An estimate of substiate mass to be injected into the expanded treatment zone was calculated
using basic hydrogen demand calculations from site groundwater data, with a targeted treatment
duration addressing a specified area of the Watt Road groundwater aquifer. Parameter inputs and
assumptions, and the total calculated mass are summarized in Table 1 (which will be included as
Table 2 .3-1 in the IRA Woik Plan).

Specific Comment 1: Methods
The first sentence of the fourth paragraph, which begins "Following installation,” is incomplete
Please state what activity was conducted in accordance with the wotk plan

Adr Force Response:
The Air Force will add the word “developed” to the sentence.



Specific Comment 2: Results and Table 3

The text discusses changes in COC concentrations ag percent change from a single baseline-sampling
event. Ihere are problems with using this type of analysis to determine concentration trends kot
example, Table 3 reports a 97 percent decrease in trichlorethene (ICE) in the background well
14-MW-2. Based on historical data for this well, this magnitude ot change is consistent with normal
fluctuations. Table 3 also calculates that a change in TCE concentration from 124 to <02
microgramy/liter represent a 78 percent decrease. However, this magnitude of change could also be
the result of normal fluctuations. Please consider evaluating concentration trends according to one of
the statistical approaches included in: Principles and Practices of Enhanced Anaerobic
Bioremediation of Chlorinated Solvents, Air Force Center for Environmental Excellence, August
2004  (http://www.afcee.brooks.af.mil/products/techtians/bioremediation/downloads/Principlesand
Practices pdf).

Air Force Response:
The Air Force will delete the “percent change” column from the data tables, as this presentation can
be misleading in instances of reporting percentage changes in low constituent concentrations. The
treatability study graphic representations of monitoring data, which piesent contaminant
concentrations in terms of molar equivalents, were prepared based on review of AFCEE guidance
These graphics effectively convey concentration trends during the treatability study.

Specific Comment 3: Results

Please include a discussion of the occuirence of ketones and aldehydes, which can be by-products of
reductive dechlorination. Table 4 shows that several of these compounds were detected in
groyndwater.

Air Force Response:
The Air Force will include the following text in Section 2.3 1.1 under the heading Metabolic
Byproduct VOC's in the treatability study write up in the IRA Work Plan.

Various ketones including acetone, 2-butanone (MEK), 2-hexanone, and 4-methyl-2-pentanone
were detected, as well as carbon disulfide; in monitoring wells duing the treatability study
(Table 4 of Attachment A). The presence of these constituents tends to be sporadic in nature, and
where found in treatment zone wells, are likely associated as byproducts of fermentation of the
injectate o1 other organic matter. The presence of ketones is often an indicator of fermentation
reactions which conttibute to complete dechlorination of chlorinated VOCs.  Vigorous
fermentation often occurs under methanogenic conditions, thus elevated ketone presence may
correlate with elevated methane concentrations. The transience of these compounds is evident in
the monitoring data where most compounds detected peaked in concentration during the
treatability study and all had declined to below detection limit by the 12-month event

MEK was detected in wells 14-MW-3 and 14-MW-10 between months 2 and 9, but was not
detected in either well following the 12-month event (see Table A-1 of Appendix A of the IRA
Wotk Plan). Detections of highest MEK concentrations generally corresponded with elevated
methane concentrations in the same wells, suppoiting the interpretation of substrate fermentation
under methanogenic conditions. MEK. was not detected in wells during the 12-month event,
suggesting its presence is transient in the treatment Zone

The compounds 2-hexanone and 4-methyl-2-pentanone were detected in upgradient well 14-
MW-2 (3 month event only) and well 14-MW-10 (10-day event only) at concentrations below 2



ng/L (between the method detection and reporting limits), thus they weie *j flagged” as
estimated concentrations (Table 4 of Attachment A). The presence of these constituents in the
background well suggests that processes generating these constituents may be naturally occuiring
(i e not associated with the treatability study).

The detection of acetone is difficult to interpret relative to the treatability study In the six
instances it was detected, three instances were attiibuted to laboratory contamination in the blank
sample analyses, and two instances occurred during the bascline sampling round (i.e not
attributed to substrate degradation) Therefore, its presence relative to the treatability study is
limited to a single detection from well 14-MW-10 (99 pg/L j) during month 3 (Table 4 of
Attachment A).

Carbon disulfide was detected once in well 14-MW-9 (0 12 ng/L j, 2-month event), and twice in
well 14-MW-10 (609 pg/L, 10-day event; 20 6 pg/L, 3-month event) Its presence only in
treatability study wells following substiate injection is attributed to a transient reaction of the
substrate. Carbon disulfide is ubiquitous in the environment, and occurs natually due to
microbial activity in anaerobic environments Its detection is associated with the development of
strongly reducing conditions during the course of the treatability study in the presence of carbon and
sulfate.



Assumptions

Length of treatment zone
Height of treatment zone

Treatment Duration
Groundwater Velocity

Porosity

Treatment Velume

Contaminant Concentrations

TCE
DCE (combined)
perchlorate

sulfate
nitrate
DO

Tatal H2 Demand
Enginesring Factor
Approximate Weight of
Soybean Oil Required

Approximate Volume of

Soybean Oil Required

Table 2.3-1

Worksheet for Soybean Qil Mass and Volume Estimate
Phase I Watt Road ESO Program

Site 13 Cluster Interim Removal Action
Vandenberg AFB, California

(feet)
(feet)

(years)
{fi/day)

(galions)
(liters)

(mg/L)
(mg/L)
(mg/L)

(mg/1)
(mg/L)
(mg/L)

(pounds H2)

(pounds)

{gallons)

140
40

4
04
03

7,338,778
25,913,224

Demand Factor
0.0486
00416
00811

0840
00813
01259

H2 Pemand
000
119
000

239.62
0.00
7.19

248
25

27,900

3,986
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RESPONSES TO COMMENTS FROM THE DEPARTMENT OF TOXIC
SUBSTANCES CONTROL DATED 14 JANUARY 2005 ON THE DRAFT SITE
13 CLUSTER ENGINEERING EVALUATION/COST ANALYSIS

1.1 GENERAL COMMENTS
General Comment 1;

The document contains many acronyms that are not spelled out. Please spell out the acronyms when first
used in the text and provide a list of actonyms and abbreviations

Air Force Response:

A comprehensive acronym list has been created and will be included in the Diaft Final version of the Site
13C EE/CA. All acronyms and abbreviations were checked and corrected in the document.

Geneyal Cominent 2;

The ARARSs listed in Table B-1 aie general in nature and not specific for each alternative evaluated in the
EE/CA.  Also, the appropriate citations from the California Code of Regulations (CCR) are not clearly
identified or specified in the ARARSs table. An evaluation of the ARARs should be made separately for
each alternative The Air Force may provide an additional column in Table B-1 to list alternative(s) that
are being evaluated for the particular ARAR. The Attachment to this letter contains the Chemical,
Location, and Action-Specific ARARs DTSC has identified for the project, as well as the Advisories,
Guidance, and Criteria to be Considered  Please evaluate the provided ARARs for the proposed
alternatives

Air Force Response:

Table B-1 has been modified to accommodate evaluation for each alternative, and has been augmented
with the DISC-provided ARARs This revised table will be included in the Draft Final EE/CA.

General Comment 3:

Although the IRA is intended to reduce contaminants in groundwater via injection of soy bean and
oxygen diffusion, site restoration is essential because excavations/accumulation areas serve as a pathway
for contaminants migration from source area(s). VAFB may propose site restoration activities, where
appropriate, as part of this IRA

Air Force Response:
The scope of this IRA is to treat groundwater in the paleocharmel downgradient of the source area(s).
Contaminant migration from the source area(s) and site restoration will be addressed in a remedial action

plan to be prepared during the remedial action phase, following completion of the Site 13 Cluster
Feasibility Study.
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General Comment 4:

The IRA Work Plan (IRA WP) should be submitted together with the EE/CA in order for DISC to
conduct a comprehensive environmental evaluation of the project and to public notice both documents at
the same time to save time and resources

Air Force Response:

As suggested, the Air Force will submit the Draft Final EE/CA and the Diaft IRA Work Plan together in a
single submiital to save time and resources.

General Comment 5:

Currently the contaminated groundwater at the site is not protective for unrestricted uses Please include
a statement indicating that in order to prevent use of this Site 13C contaminated groundwater as a potable
water source before or dwring remediation, institutional controls are necessary in accordance with
California Health and Safety Code Sections 25260 and 25222 1. Also, please include a statement that
VAFB will submit a Feasibility Study/Remedial Action Plan (RAP) to document the final remedy for Site
13

Air Force Response:

Lhe following statements above will be added to the end of Scction 4.0 of the Draft Final EE/CA. “In
ordet to prevent use of Site 13C groundwater containing chemical above drinking water standards as a
potable water source before or during remediation, institutional controls are necessary in accordance with
California Health and Safety Code Sections 25260 and 25222 1. The final remedy for Site 13C will be
documented in the Feasibility Study/Remedial Action Plan ”

12 SPECIFIC COMMENTS
Specitic Comment 1:

Section 2 I Site 28 Description: The document desctibes a former 60,000-gallon underground tank
removed from the site and the accumulation of soil/sediment and rainwater. Please confirm that site
restoration activitics have been completed to reduce contaminants migration into groundwater. Although
the IRA is intended to reduce contaminants in groundwater via injection of soy bean and oxygen
diffusion, site restoration is essential because excavations/accumulation serve as a pathway for
contaminants migration from source area(s).

Air Force Response:

The EE/CA is limited in scope and addresses volatile otganic compound (VOC) contamination in
groundwater in the paleochannel area only. Potential contaminants in soil or sediment in the lower
Aerozine-50 hardstand at Site 28, located on the mesa above ABRES-A Canyon and the paleochannel,
would not be expected to migrate into groundwater because (1) the hardstands are concrete-lined; and (2)
there is no groundwater in the mesa area where Site 28 resides (saturated or partially saturated soil on the
mesa was encountered only at the end of the concrete-lined portion of Channel C and in the man-made
bedrock depression of the former underground fuel dump tank). The Draft Remedial Investigation (RI)
Report for Site 13 Cluster inchudes a baseline risk assessment and provides recommendations for all areas
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of concern identified at the site, including the hardstands at Site 28 Any future remedial actions for Site
28 will be addressed in the forthcoming feasibility study currently in preparation by Ietia lech

Specific Comment 2:

Section 4.5.14 Allernative 3 D, Addition of Soybean Oil: The aliernative involves the injection of
soybean oil in two areas (Watt Road and Southern Pacific Road). The discussion implies that this
alternative will be successful for reducing VOCs in the two areas. Please include a statement that this
alternative may not be effective to freat the aerobic portion of the aquifer west of the Southern Pacific
Railroad Tracks

Air Force Response:
The following statement will be added to Section 4 5.1 4;
“This alternative may not be effective at the downgradient IR due to subsurface aerobic conditions

Because ambient groundwater conditions in the downgiadient aquifer are semi-aerobic, this alternative
will require large quantities of ESO to be injected, and may require a longei total tieatment duration.”

Specific Comament 3:
Table 4-2 In-Situ Bioremediation Ranking Summary: Alternative 3.D. Soybean Oil Injection and
Alternative 3 E iSOC™ and Soybean are both ranked the same yet Altemnative 3.1 may not be effective

to treat the aerobic portion of the aquifer west of the Southern Pacific Railroad Tracks Please corect the
ranking.

Air Force Response:

The ranking has been corrected to reflect the increased cost and duration of soybean oil injection to treat
the aerobic portion of the aquifer

Specific Comment 4:

Section 52 Preliminary Schedule: No community outreach activities are proposed for the IRA WP.
DT1SC 1ecommends that VAFB submit the EE/CA and IRA WP at the same time. See General Comment
No. 4.

Air Force Response:

The Air Force will submit the Draft Final EE/CA and Draft IRA Woik Plan in a single submittal to save
time and resources.

Specific Comment 5:

Please submit the following information to aid DTSC in the preparation of appropriate California
Environmental Quality Act (CEQA) documents for the project.

a. Geology: Provide information regarding fault zones in the area and evaluate the impact of
seisnmcity.

b. Hydrology: Please describe to what extent project activities:
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1 Would violate any water quality standards or waste discharge requirements

i1 Substantially deplete groundwater supplies or interfere substantially with
groundwater recharge such that there would be a net deficient in aquifer volume or a
lowering of the local groundwater table level (e g, the production rate of pre-existing
neatby wells would drop to a level which would not support existing land uses o1
planned uses for which permits have been granted)

1i1. Substantially alter the existing drainage pattern of the site or area, or substantially
increase the rate or amount of surface runoft in a manner which would result in
flooding on or offsite

iv. Otherwise substantially degrade water quality.

¢.  Ecological Resource: Provide an analysis of potential impact of the IRA on endangered,
listed, or threatened species at the site and mitigation measures to reduce impact of the
proposed project.

d. Cultural Resources: Provide information regarding cultural resources for Site 13C. Also,
include a statement that items of interest such as bones, fossils, or human artifacts of
potential historical significance if uncoveted during consiruction of the remedy, a
paleontologist or archaeologist will be contacted and field work will resume after all
necessary natural resources protective actions are taken.

¢ Mineral Resources, Utilities, Transportation and Traffic: Provide an estimate of the natural
resource that will be consumed by the project, number of trucks hauling waste, vehicles,
traffic flow, loading and transport of wastes, traffic contiol measures, and duration of project
activities.

. Provide a detailed analysis of the short-term impacts on ecological receptors and mitigation
measures to reduce the impacis

Air Force Response:

DISC Comment 5 has several subparts that are related to CEQA issues; it is not clear whether these
are appropiiate to include such discussion in the EE/CA for the proposed IRA  State regulatory
comments and Air Force responses to these comments, as provided below, are proposed to be
included in a new Appendix E to the Draft Final and Final EE/CA, instead of being incorporated
into the text of the document. This approach should help maintain the streamlined nature of the
document allowing a more readable EE/CA for the public, while at the same time providing DTSC
technical information that will support the preparation of CEQA documents

a. Due to the proximity of known active faults to the project area, the project site is classified
as being located in a seismically active area. However, since the proposed “construction”
activities are limited to installation of groundwater remediation and monitoring wells, the
impact of potential seismic activity is anticipated to present no significant threat A
seismic evaluation is provided below
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Active and potentially active faults in the Site region were evaluated by reviewing the
Fault Activity Map of California and Adjacent Areas (Jennings 1994) and Maps of Known
Active Fault Near-Sowrce Zones in Califormia and Adjacent Portions of Nevadua
{International Conference of Building Officials [ICBO] 1998). Table 1 is a summary of
the data on active faults located up to 100 kilometers (km) from the Site that are presented
in Maps of Known Active Fauli Near-Source Zones in California and Adjacent Portions of
Nevada (ICBO 1998) as determined by the computer program, UBCSEIS, Version 1 03
(Blake 1999).

The terms “active” and “inactive” have been interpreted differently by geologists,
seismologists, and agencies. For this assessment, active faults are defined as having
evidence of surface displacement within the last 11,000 years and potentially active faults
are defined as having evidence of surface displacement in the last 1.6 million years 3CBO
1998). Active Faults-Near-Source Zones identified in the Site area, as defined in ICBO
1998, include the Lion’s Head fault, approximately 7.6 km northeast of the Site; the
Casmalia 105 km northeast, the Hosgri 12.0 west, the San Luis Range (south margin)
277 km nostheast, and the Los Alamos-Baseline fault, approximately 25 5 km northeast.
All of these faults are considered lvpe B active faults (defined as faults with maximum
moment magnitudes (Mmax) gieater than 7 and slip rates less than 5 millimeters per year
{mm/y1), or with Mmax less than 7 and slip rates greater than 2 mmyyr, or with Mmax
greater than 6.5 and slip rates greater than 2 mm/yr (ICBO 1998} The nearest Type A
active fault (defined as faults with Mmax greater than 7 and slip rates greater than or equal
to S mm/yr) is the San Andreas-1857 Rupture segment, located approximately 90 km from
the Site.

A summary of the California Geological Survey (CGS) historical earthquake record for
the Site area fiom 1800 throngh 2000 as estimated by the computer program
EQSEARCH (Blake 2000) is summarized in Table 2  Historical earthquakes that
originated in the Santa Maria region include the Los Alamos earthquakes of 1902 and
1915 (Richter Magnitudes [M;] 54 and 52, respectively), the 1916 Avila Beach
earthquake (M, 5), 1927 Lompoc earthquake (M; 7.0}, and the 1980 Point Sal Earthquake
(Mp 51) While all of these earthquakes were felt in the Site area, no historical
earthquakes have caused a great amount of property damage or loss of human life in the
Site area. As shown in Table 2, the earthquake reoccurrence interval for the last 200 years
based on the CGS database ranged from once every 1.78 years for M; 4.0 earthquakes to
once every 100 5 years My 7.5 earthquakes. However, the historical earthquake record of
California spans less than 200 years and provides only a partial indication of seismic
hazards. The absence of earthquakes on many recognized active faults and fault-related
folds in California probably reflects more frequent recutrence intervals than the historical
record. In addition, there is a potential for earthquakes to occun in areas with blind thrust
faults or other concealed seismogenic structures that may not have been previously
recognized (Clatk et al 1994).

A more recent notable earthquake that is not included in the EQSEARCH database was
the San Simeon earthquake (M; 6.5) that occurred December 22, 2003, This earthquake
occurred on an undetermined fault approximately 100 km north of the Site and caused
substantial damage to buildings in San Luis Obispo County and two deaths in the
community of Paso Robles. This earthquake caused light to moderate shaking in the Site
area; however, no property damage or deaths were reported for Vandenberg AFB from
this earthquake.
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Surface fault rupture hazards for the Site area were evaluated through examining Special
Study Zone Maps created under the Alquist-Priolo Earthquake Fault Zoning Act (AP Act).
lhe AP Act, addressees the seismic hazard of surface fault rupture and prohibits the
placement of structures across traces of active faults. Under the AP Act, Special Study
Zone Maps are created to delineate special AP Zone Fault Zone study areas around known
active faults. There are no Special Study Zone Maps for the Site atea, and no known
active laults extend across the Site The closest AP Zone Fault Zone to the Site is along
the Los Alamos-Baseline fault, approximately the 26 kilometess to the northeast (Digital
Images of Official Maps of Alquist-Priolo Earthquake Fault Zones of California, Southern
Region (California Division of Mines and Geology [CDMG] 2000)

Potential structural damage from landslides are related to regional seismic activity. The
Site is located in the northwestern portion of Burton Mesa on a plateau between a canyon
along San Antonio Creek to the north and an unnamed canyon to the south. The slopes at
the Site range from almost horizontal on top of the plateau to 2.3:1 (H:V) on the slopes
from the plateau into the canyons to the north and south. No landslides are identified at
the Site on the 1989 geologic map of the Site area prepared by Thomas Dibblee (Dibblee
1989)  Most of the geologic formations that occur at the Site are not known to be
particulatly prone to landslides. The geologic formations at the Site include Pleistocene
Orcutt Sand exposed at the ground suiface on top of the plateau, undetlain by
Pliocene/Miocene Sisquoc and Miocene Monterey Formation at depth, and Quaternary
alluvium derived largely fiom Orcutt Sand in the bottom of canyons on the north and
south sides of the Site  The Monterey formation can pose a significant landslide hazard in
arcas of steep topography, such as the canyon slopes on the south side of the plateau.
Because of the presence of the Monterey Formation and moderately steep slopes present at
the Site, the landslide hazard at the Site may be considered to be minimal on top of the
plateau away from the canyon slopes to moderate in the canyon-slope arcas

Isunamis are large and destructive waves in the ocean caused by seafloor movement from
earthquakes and landslides. Although the Site is located approximately only 1.5 miles
trom the Pacific Ocean, in the event of a tsunami reaching the coast of Vandenberg AFB,
it is not likely that the Site would be affected due to its surface elevation (approximately
100 to 200 feet above msl).

Liquefaction is related to regional seismic activity. It is caused is the significant loss of
soil strength due to pore pressure increase from ground shaking which reorients
unconsolidated sediment grains into a more compact arrangement. If the water table is
close to the surface dwing this reorientation, the grain-to-grain contacts are reduced and
the load is temporarily transferred to the pore water. This increases pore pressure,
decreases the strength, and the deposit then behaves like a liquid (Costa and Baker 1981).
Liquetaction may occur when groundwater is present at depths less than 50 feet bgs within
the potentially liquefiable matetial, the soil is granular and meets a specified range of grain
sizes, and the soil is in a loose state of low relative density. If these conditions are present
and strong ground motion occurs, portions of the soil column could liquefy, depending on
the intensity and duration of the strong ground motion. Soils most susceptible to
liquefaction are saturated, very loose to loose, fine grained sandy and silty soils.
Liquefaction may manifest itself at the surface as lateral spreading, sand boils, lurching
and ground fissuring, loss of bearing strength, and settlement. Any structwres founded on
or above potentially liquefiable soils may experience settling (both total and differential)
and loss of foundation support during ground shaking At present there are no known
areas on Vandenberg AFB where liquefaction has ocourred (U S. Air Force 1987). Due
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to the >50 foot depth of water in the paleochannel area where the IRA is situated, the
potential for liquefaction is low.

bi The project is not anticipated to violate water quality standards or waste discharge
requirements  Waste discharge requirements will not be violated by the in-situ
groundwater remediation project lheie will be no water, hazardous materials, or non-
hazardous material (e g, vegetable oil) discharged to the surface. Groundwater will not be
allowed to discharge on the ground surface dwing well development activities.

bii.  Because the project involves introduction of fluids into groundwates, the project is not
anticipated to have any affect on water supply wells or interfere with groundwater
recharge such that there would be a net deficit in aquifer volume The nearest watet
supply wells (designated San Antonic Wells No. 4, 5, 6 and 7A) are located in Batka
Slough, approximately 7.5 miles east and upgradient of the site. Groundwater at the site is
not extracted for use as a drinking water source. The goal of the remedy will improve
water quality downgradient of the barriers. The project will not adversely affect existing
land uses or planned uses for which permits have been granted.

biii. The in-situ project will not alter the existing drainage pattern of the area. The 1ate or
amount of surface runoff will not be increased as a 1esult of the project and will not result
in flooding on or off-site.

biv.  The proposed in-situ groundwater remediation project is designed to improve 1ather than
degrade groundwater quality by degrading chlotinated solvents in groundwater. The
amendments added to the groundwater are designed to be consumed by microbacteria
during the bioremediation program.

c. The Table in Aftachment 1 of this document lists species present or potentially present in
habitats observed at Site 13 Chuster (US Air Force 2004). A Form 35 Permit (dig permit)
will be requited before construction or drilling commences. The Form 35 permit
application is reviewed by 30 CES/CEV Environmental Flight who will determine the
need for biological monitoring. The project will not be detrimental to animal life. Short-
term land disturbance would occur at the site during well drilling and injection of the
edible vegetable oil that may temporarily affect localized habitat use. The remedy will not
reduce the size of habitats for any receptors. Equipment operation and travel will be
limited to only what is necessary to complete the IRA to minimize impacts to on-site
vegetation. If vegetation areas are significantly disturbed, they will be restored as
necessary once the remedy is complete.

d. A Form 35 Permit will be required before construction commences The Form 35 permit
application is reviewed by 30 CES/CEV Environmental Flight. The Vandenberg AFB
Environmental Flight checks the project area for potential and known cultural resources
before approving the construction.  Cultural rescurces have been identified in the
paleochannel area. Therefore, an archaeological monitor will be present, as required,
during field activities to ensure that items of interest such as bones, fossils, or human
artifacts of potential historical significance (it encountered) are protected. Fieldwoik will
resume only after necessary protective actions are taken,

e. The proposed in-situ groundwater remediation project will require transportation of

vehicles and equipment to and from the project area, Consumption of natural resources
{(fossil fuels) during this project will be limited to those associated with these
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transportation activities. It is estimated that the average daily traffic flow to this project
area will increase by three automobile round trips and four truck round trips during the
duration of the project  The minimal increase in t1affic volume associated with this project
will not impact normal traffic flow or traffic patterns at the, or on the route to, the project
site. Additionally, no tiaffic contro]l measures are expected to be required to complete this
project.

It is estimaied that 10 truck loads of waste soil cuttings generated during the well
instatlation phase of this project will be loaded on-site and transported to the Vandenberg
AFB landfill for disposal. The loading and transportation of this waste is not expected to
have negative impacts on traffic flow or traffic paiterns at the, or on the route to, the
project site

f As mentioned previously, there are no expected short-term or long-term impacts on
ccological receptors as a result of the project (sec 1esponse to comment b above)
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Table 1
Regional Fault Characteristics

Approximate Seismic  Maximum
Distance from Site  Source  Magunitude Slip Rate

Fauit Name and Section {kilometers) Type (Mmax) {mm/yr) Fault Type
TIONS HEAD 76 B 66 002 DS
CASMALIA (Orcutt Frontal Fault) 105 B 635 .25 DS
HOSGRI 12 B 73 25 S8
LOS ALAMOS-W. BASELINE 255 B 6.8 0.7 DS
SAN LUIS RANGE (S Margin) 277 B 7 02 DS
L.OS OS0S 30 B 68 05 DS
SANTA YNEZ (West) 402 B 69 2 R
RINCONADA 591 B 73 1 58
SAN JUAN 714 B 7 1 88

M RIDGE-ARROYO PARIDA-SANTA ANA 736 B 67 04 DS
SANTA ROSA ISLAND 836 B 69 1 DS
SAN ANDREAS - 1857 Rupture 896 A 78 34 SS
SANTA CRUZ ISLAND 919 B 68 1 DS
SANTA YNEZ (East) 94 4 B 7 2 SS
RED MOUNTAIN 956 B 68 2 DS
VENTURA - PITAS POINT 108 B 6.8 1 DS
Notes: - The data presented in this table are from the data file "CDMGUBCR" from the UBCSEIS computer program (Blake 1998).

The data file is based on information from Maps of Known Active Fault Near-Source Zones in California and Adjacent Parts
of Nevada to be Used with the 1997 Uniform Building Code (ICBO 1998).

A - Faults with a MwMax =7 and a slip rate = 5 mm/yr.

B - Faults with a MwMax = 7 and a slip rate < 5 mum/yr, MwMax < 7 and a slip rate > 2, or MwMax= 6 5 and a slip rate < 2mm/yr.
D& - dip slip fault

(@ - International Conference of Building Officials

mm/yr - millimeters per year

Mmax - Fault segment earthquake maximum magnitude as defined inMaps of Known Active Fault Near-Source Zones in California

and Adjacent Parts of Nevada to be Used with the 1997 Uniform Building Code (ICBO 1998)

MwMax - Maximum earthquake moment magnitued (Mw) where Mw is equal to the rigidity of the earth times the average amount of slip
on the fault times the amount of fault area that slipped (http://earthquake usgs gov/recenteqsww/glossary htm)
SS - strike slip fault
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Iable 2
Historic Earthquake Catalogue Data Summary

Earthquake Location Earthquake Earthquake Estimated Site Modified Approxin
Latitude North Longitude West Date Magnitude (M;) PGA (g) Mei calli Distance From
Intensity (MM) Site mi (km)

34 833 120 583 10/16/1936 4 0114 VII 38(61)
34883 120 683 2/1/1962 45 0095 VI 84(133)
34857 12047 6/21/1966 41 0072 ViI 92(147)
34 667 1205 6/13/1944 4.6 009 VII 98(157)
34 667 120 5 6/13/1944 44 0 081 VIl 98(15.7)
34 667 120 5 6/13/1944 4 0 066 VI 98(157)
349 1207 11/4/1927 75 0412 X 89(159)
34.849 126774 2/16/1937 4 0061 V1 10.8( 17 4)
34 717 120417 11/30/1944 41 0.062 Vi 114(184)
34 8 1204 12/12/1902 57 0143 VIII 11 6( 18.6)
34.6 120 7 12/31/1927 4 0052 VI 137(220)
346 120 7 12/5/1927 43 0.061 VI 137(220)
349 120 4 3/29/1928 53 01 VII 14 1{227)
34 868 120 376 9/23/1982 4 005 V1 14 2( 22 8)
34918 120 8 6/20/1984 42 00355 VI 14.6(23 6)
34 931 120 819 5/29/1980 47 0066 Vi 16.0(25.8)
35 120.5 7/26/1917 4 0046 VI 16 2(26.1)
35 1205 11/19/1927 5 0.077 VI 162(26 1)
34.6 120 4 7/28/1902 63 0148 VIII 17.0(27.3)
34.6 120 4 8/1/1902 6.3 0.148 VIII 17.0(27.3)
348 1203 9/11/1902 4 0044 VI 172(277)
348 1203 9/11/1902 4 0.044 VI 17227~

347 1203 7/31/1902 55 0093 viI 18.0( 29
347 1203 1/12/1915 55 0093 VII 18.0( 29.0}
34 .55 120 783 6/16/1940 4 0.041 v 18 9(30.5)
34.55 120 783 3/15/1935 4 0041 A% 189( 30 5)
3455 120 783 9/29/1938 4 0041 \% 18.9(30.5)
3455 120.783 10/17/1939 4 0.041 A% 18.9(305)
34.5 1205 8/27/1949 4.9 0062 VI 202(326)
345 1205 8/26/1949 42 0.043 VI 202(32.6)
34 583 120333 12/17/1934 45 005 V1 20.5(33.0)
34 583 120.333 12/18/1934 4 0038 v 205(330)
345 120 8 12/24/1937 4 0036 v 224(36.0)
34 461 120 521 11/18/1936 45 0046 VI 22.6(36.3)
34 456 120 521 10/1/1959 45 1.046 Vi 229(369)
34 445 120 467 9/9/1936 4 0033 v 24 4(393)
34737 120148 10/25/1984 45 0042 VI 260(41.8)
34736 120 147 11/6/1986 4 0032 v 26.0(419)
35 121 32771947 42 0034 v 271(436)
3517 120.75 12/1/1916 57 0074 VII 281(453)
34.37 120623 11/22/1937 45 0039 v 284457
352 1206 10/20/1913 4 0.029 V 28.9(46 6)
347 120 1 7/28/1945 4.2 0033 N 291(46.8)
3525 120 67 9/5/1922 4 0027 v 326(525)
35125 120 67 6/28/1920 4 0027 v 32.6(52.5)
3525 120 67 12/15/1869 4.3 0031 v 326(525)

3525 120.67 7/21/1931 4 0.027 v 32.6(52
3525 120 67 5/4/1923 4 0027 A% 326(52.
3525 120 67 00/00/1830 57 0.066 VI 32.6(525)
3525 120 67 12/17/1852 57 0066 VI 32.6(52.5)
35.25 120.5 7/9/1917 5.3 (.053 VI 32.9(52.9)
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Table 2
Historic Earthquake Catalogue Data Summary

Earthquake L.ocation Farthquake Earthquake Estimated Site Modified Approximate
Ade North Longitude West Date Magnitude (M, ) PGA (g) Mercalli Distance From
Intensity (MM) Site mi (km)
3525 1205 7/9/1917 5 0045 Vi 329(529)
3525 1205 710/1917 53 0053 VI 329(529)
3525 1205 7/10/1917 53 0053 VI 329(529)
34 365 120.888 6/12/1969 4 0027 v 330(53 1)
3528 120 48 5/21/1940 4 0.025 v 351(566)
353 1207 12/7/1906 59 0067 VI 363(583)
34 661 119973 5/7/1984 42 0027 v 367(590)
34232 120 662 11/1/1936 4 0024 v 38.0(612)
34 291 120938 1/9/198% 4.1 0025 v 38 8(62.3)
34 8§55 121319 10/23/1969 41 0024 v 409( 65.9)
34 707 121.377 12/3/1969 4 0.021 v 44 2(71.2)
34649 121.389 11/10/1969 4 3.021 v 45.5(73.3)
34653 121 41 11/9/1969 41 0021 v 46.7(75.1)
34744 121 446 11/5/1965 45 0026 v 479(77.1)
3547 12075 2/3/1953 41 0021 v 43.3(77.7)
34 609 121.435 11/5/1969 56 0046 VI 48 7( 78 4)
345 1214 4/3/1944 4 002 v 493(793)
355 120 6 01/01/1830 5 0033 % 496(799)
355 120 5 6/4/1953 43 0023 1V 500(804)
3442 119 82 00/00/1862 57 0.047 VI 51.0(820)
34754 121 515 10/28/1969 4 0.019 v 51.8(833)
34 402 119 802 3/10/1986 41 002 v 52 5( 84.5)
4471 119757 11/16/1958 4 0019 v 52 6(84.6)
344 119.8 0/9/1929 46 0025 A% 527(847)
355 12092 11/27/1946 43 0.022 v 528(849)
34333 119.833 6/26/1933 43 0.021 v 536{862)
34333 119 833 6/26/1933 43 0.021 v 53 6(86.2)
354 121.2 1/2/1960 4 0.018 Iv 54 .5(87.6)
345 1197 7/29/1925 4 0.018 Iv 54 8( 88 2)
34.5 1197 8/26/1919 4 0018 v 54 .8(882)
345 1197 8/26/1919 4 0018 v 54 8( 88 2)
34 120 4 3/29/1911 46 0025 Vv 55.1(88.7)
34 49 115691 9/16/1962 4 0018 v 55.5( 89 4)
3435 119767 11/10/1540 4 0018 v 56.1( 90 2}
34 589 121 565 10/22/1969 4 0.018 v 56.2(90.5)
345 119.67 06/25/1855 43 0.021 v 56 4( 90.8)
345 11967 05/31/1854 473 0.021 v 56 4( 90 8)
345 119 67 2/9/1902 43 a021 v 36 4( 90.8)
345 119.67 07/09/1885 43 0021 v 56 4( 90.8)
345 119.67 06/01/1893 5 003 v 56 4( 90 8)
345 119.67 03/14/1857 473 0 021 v 56 4( 90 B)
343 1198 6/29/1925 6.25 0057 VI 56 4( 90 8)
343 1198 7/3/1925 53 0033 Vv 56.4( 90 8)
3473 1198 7/3/1925 53 0.035 vV 56 4( 90 8)
34 598 121 586 16/24/1969 4 0.017 v 572(921)
34325 119.761 8/9/1956 4 0017 v 57.3(92.2)
33 955 120.71 12/3/1937 4 0017 v 573(92.3)
56 120 8 6/29/1942 4 0017 v 57 6(92.8)
344 1197 6/24/1926 4 0017 Iv 576(92.8)
344 1197 8/26/1927 4 0017 v 576(928)
34.4 119.7 7/6/1926 4 0.017 IV 57.6(92.8)
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Table 2
Historic Earthquake Catalogue Data Summary

Earthquake Location Earthquake Earthquake Estimated Site Modified Approxin
Latitude North Eongitude West Date Magnitude (M; ) PGA (g) Mercalli Distance From
Intensity (MM) Site mi (km)
344 119.7 03/25/1806 5 (.029 A% 57 6(92.8)
34 4 1197 8/9/1926 4 0017 v 57.6(92 8)
353 1198 (1/09/1857 79 0135 Vi 57 8(930)
346 1216 3/5/1962 45 0.022 v 580(93.3)
346 1216 3/10/1962 42 0019 v 58.0(9373)
346 1216 3/10/1962 4 0017 v 580093 3)
34576 121.62 10/22/1969 54 G033 A% 59.5(957)
34 347 119.696 8/13/1978 51 0.03 v 59.6{959)
34317 119.7 10/21/1953 4 0017 v 60.3( 97 4)
342 1198 12/21/1812 7 0 081 VI 60.8(97.8)
35.67 120.67 0/8/1915 4 0.016 v 61.5( 99.0)
Summary
Earthquake Magnitude Range (M;):
Minimum 4.00
Maximum 900

Site Coordinates:

Latitude: 347809
Longitude: 120 6026
Search Time Period; 1800 - 2000

Approx. Search Radius in mi(km): 62 (100)
Nearest Earthquake Distance in mi(km): 38 (6 1)
Largest Earthquake Magnitude (M; ): 79
Largest BEstimated Site Accsleration {g) 0.412
Earthquake Magnitudes and Exceedances

Earthquake Number of Times  Cumulative Cumulative
Magnitude (V) Exceeded No./Year Recuirence Interval (years)

4 113 056219 1.78

45 41 020398 490
5 28 01393 718

55 15 007463 1340
6 ] 002985 33.50

65 3 001493 66 .98
7 3 001493 66.98

7.5 2 0.00995 100.50

Notes: - The data presented in this table are from the data file "ALLQUAKE" from the EQSEARCH computer program (Blake

2000). The data file is based on information from the California Geologic Swvey (CGS) computerized histotic
earthquake catalogue for the State of California compiled through 2000.

g - Standard acceleration of gravity where g =9 81 meters/second as estimated using a deterministic method.

km - kilometer

mi - mile

MM - Modified Mercalli Scale. An carthquake intensity scale having twelve divisions ranging from I {not felt by people) to X11
{damage nearly total).

M - Richter Scale. A logarithmic scale of carthquake magnitude where the magnitude is the logarithm to base ten ofr_hé-
maximum seismic wave amplitude (in thousandths of a millimeter) measured on a standard seismograph 100 kilometers

PGA - Peak Ground Acceleration using the probabilistic method in EQSEARCH (Blake 2000).
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